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Rayon Reports 


Prepared Monthly by American Viscose Corporation, New York, N.Y. 


NoveMser, 1953 


AVISCO RAYON BRINGS NEW SALES APPEAL 
TO FLOUR, FEED AND MEAL BAGS 


Comparative Test Data Compiled 
By Avisco Technicians 


Leading bag companies are producing bags of Avisco rayon for packaging 
flour, feed, meal, and other products. The Bemis Bro, Bag Company and 
the Chase Bag Company have begun distribution and they report a strong 
acceptance by suppliers and their customers. 

The fabrics come in different constructions and weights to suit various 
packaging needs. All are strong and closely woven to eliminate excessive sift- 
ing of the contents. They are easy to handle in filling, stacking, and shipping. 

Colors are clear and fast, in prints, stripes, and several solids. The solid 
colors and stripes are produced through the use of spun-dyed fibers. Since 
rayon is naturally white, the white fabrics stay white without bleaching. 

Consumers are instructed that 
the initial washing removes the 
labels and automatically pre- 
shrinks the fabric. 

The rayon bag fabrics have 
unusual appeal to women who 
use them for sewing. They are 
easy to sew, have a rich luster 
and good drape, suggesting 
many new home uses. 

\ promotional program is 
planned to further these home 
uses. A consumer leaflet “Glad 
Rags from Rayon Bags,” giv- 
ing ideas and instructions for 
sewing is available free of 
charge. Photographs and sto- 
ries are being released to rural 
newspapers and farm publi- 
cations. Information is being 
sent to Home Demonstration 


Agents. 


Technical 
Data 

Compiled 
Avisco’s Fabric 
Development 
Department has 
developed a 
wide range of rayon bag sheetings 
and industrial fabrics and tested them 
exhaustively. Ina paper prepared for 
the American Association for Textile 
Technology, Walter C. Hauer and 


Herbert J. Sanders of the Develop- 


ment Dept. present the test data. 


AMERICAN VISCOSE CORPORATION 
350 Fifth Avenue, New York 1, N.Y. 


MAKE USE OF (OO M'CICO 
4-PLY SERVICE 


To encourage continued improvement 
in rayon fabrics, American Viscose 


Corporation conducts research and 


offers technical service in these fields 


1 FIBER RESEARCH 

2 FABRIC DESIGN 

3 FABRIC PRODUCTION 
4 FABRIC FINISHING 


AMERICAN VISCOSE 
CORPORATION 


America’s first producer of man-made fibers 
RAYON ACETATE VINYON* FILATEX & 
Sales Offices: 350 Fifth Avenue, New York 1, 
N. Y.; Charlotte, N. C.; Philadelphia, Pa.; 
Providence, R. I 


eTMC & CCC 
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| Out Of Every 4 


SCOTT TESTERS 
Goes Export 


Approximately 70 foreign countries are now absorbing one out 
of every four machines of our total production. We refer this 
information to you for two reasons: first, to give you confidence 
that in choosing a Scott Tester * you are acquiring truly world- 
standard apparatus; second, to remind you that Scott Tester * 
evaluations give you a universal language understood and au- 
thoritatively recognized all over the world by mills, laboratories, 
Technical Societies and Government Bureaus. 


CATALOG UPON REQUEST 


(* Registered Trademark) 


NEW SCOTT “ACCR-O-METER” 


@ Inertialess Weighing System for Constant-Rate- 
of-Extension Testing. 


@ Permits a new standard of highly accurate and 
detailed evaluation of fibre, yarn 
and fabric. Accurate to .01%. 
Capacities from 0 to 2,000 Ibs. ten- 
sile on a SINGLE machine. At 
present applicable to these two 
types of Scott Testers which are 
standard equipment in Textile 
Mills the world around: at left, 
Model J; at right, Model X-3. 


SCOTT TESTERS, INC. 


145 BLACKSTONE ST. - PROVIDENCE, R. I. 
Southern Service and Repair Facilities : Southern Sales Rep.: JOHN KLINCK 
SCOTT TESTERS (Southern) INC., 304 West Forest Avenue, 
216 Reidville Road, Spartanburg, S.C. North Augusta, 8. C. 
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The Nature of a Fabric Surface: Evaluation by a 
Rate-of-Cooling Method’ 


Norman R. S. Hollies, Herman Bogaty,;} John C. Hintermaier, | 
and Milton Harrist 


Introduction 
The importance of the nature of a fabric surtace 
and its contribution to common visual and tactile 


In relation to the 
[4], the long 


surface fibers of a wool fabric result 


impressions is well recognized. 
various aspects of fabric “handle” 
in a “soft, 
fuzzy’ hand, whereas the short fibers of a cotton 
Simi- 


‘warm’ feel of wool compared with the 


fabric give rise to a “hard, smooth” hand. 
larly, the ‘ 
“cool” feel of nylon is related to the number of 
surface contacts presented by fabrics made from 
these materials [3]. 


vested that surface fibers are involved in the thermal 


In addition, it has been sug- 


insulating ability and moisture transport properties 
of fabrics as they contribute to warmth and com- 
fort [2 }. 

The experimental method presented herein at- 
tempts to relate the number, length, and thermal 
conductivity of surface fibers to the way in which 
they contribute to the “‘warm-cool”’ feel and “fuzzy- 
smooth” aspects of fabric handle. Confirmation 
of the general validity of the technique is obtained 
by the use of specially prepared fabrics of known 
surface character and by comparison with photo- 
graphs of fabric surfaces. 


Experimental Method 


The chilling effect of moist fabrics in contact with 
the skin is a phenomenon of common experience, 


* This work constitutes a part of the Army Quartermaster 
program of research on warmth and comfort of 
clothing performed under contract QM 564 

+ Harris Research Laboratories, Washington, LD. ¢ 

t Philadelphia Quartermaster Depot, Philadelphia, Pa 


military 


and Hock, Sookne, and Harris [3 | have shown that 
its magnitude is a function of the effective area of 
One ol 
the phy sical methods used by these investigators, 


contact presented by the fabric surface. 


which related well to subjective reactions of chilling, 
involved the measurement of the drop in tempera 
ture of simulated skin upon contact with a moist 
fabric. 

In the course of a study of the thermal properties 
of fabrics by a two-plate method, Rees [5 ] observed 
that an initial drop in temperature of the heat 


While he did not offer 


any explanation of this phenomenon, it is interesting 


source frequently occurred 


that wool blankets (presumably hairy fabrics) gave 
no chilling in this apparatus, whereas an initial 


cooling was evident with fabrics 


(presumably 
smooth) made of cotton, silk, and acetate 

This work suggested the possibility of comparing 
fabrics with respect to their effect on the rate ot 
cooling of a metal surface initially heated above 


room temperature. If the heat capacity of the 
metal plate were small, the rate of cooling would 
be rapid, and the loss of heat could be assumed to 
be related to the amount of fabric in contact with 
the plate. 

A simple apparatus was constructed to test this 
possibility. A polished copper dise weighing 1.10 g 
and measuring 0.203 in. in radius was mounted on 


a block of thick 


A copper-constantan thermocouple Was placed in 


foam-rubber insulation 3.8 in 


contact with the underside of the disc, and its ele« 
tromotive force relative to a reference thermocouple 


at room temperature was measured with a Leeds & 
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Northrup Type 2420-b galvanometer. The resist- 
ance of the galvanometer shunt was adjusted to 
allow full-scale deflection when the thermocouples 
differed by exactly 15°C. The metal was 
heated by placing a warm metal cylinder in contact 
with it just long enough to produce full-scale gal- 
vanometer deflection. 


disc 


The cylinder was removed, 
and a small fabric specimen equilibrated to room 
conditions (22°C and 65% R.H.) was placed imme- 
diately on the disc. For most of the work, a 5-g. 
weight, producing a pressure of about 0.1 Ib./sq. in., 
was used to load the fabric. 

The rate of cooling of the copper disc was followed 
by noting the time taken for the galvanometer to 
fall to various fractions of full scale. Cooling curves 
for several fabrics differing widely in visual and 
tactile surface character are shown in Figure 1. 
The rate of cooling was slower for the hairy wool 
serge (sample 13) than for the smooth wool serge 
(sample A), and both of these were slower than the 
rate of cooling for the even smoother cotton serge 
(sample 28). 


ing rates to the tactile impressions of smoothness 


The good correspondence of the cool- 


for these fabrics suggested that a detailed theoreti- 
cal analysis of the heat transport mechanism at the 
surface would have considerable value in the com- 


parison of fabric surfaces. Such an analysis was 


carried out, and is reported in the Appendix (p. 767). 


1.0 


OEFLECTION | 


GALVANOMETER 


TIME SECONDS 


Fic. 1. Rate-of-cooling curves for fabrics: A—hairy 
wool serge (sample 13); B—smooth wool serge (sample A), 
C—smooth cotton serge (sample 28). 
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Relation Between the Rate of Cooling at a Fabric 
Surface and the Number and Length 
of the Surface Fibers 


It can be shown that where a fabric surface has 
n fibers per unit area of mean length / and con- 
ductivity k, 
nk 


- = C(m — m, 


l 


— m,). 


(The derivation of this equation (14) is given in the 
Appendix.) In this expression: C is an apparatus 
constant equal to —2.303 Mc/A, in which M, c, 
and A are the mass, specific heat, and area of the 
metal disc; m is the slope of the linear curve re- 
lating log fractional temperature drop of the metal 
disc to time; m, is the heat loss correction to 
the metal disc insulation ; m, is the heat loss correc- 
tion to air between the surface fibers. Accordingly, 
m, = Gk,/C, where dis the fractional cross-sectional 
area of the surface composed of air and k, is the 
The “unit” conduct- 
ance of the fiber, &, is the specific conductance of 


specific conductance of air. 


the fiber material multiplied by the fiber cross- 
sectional area. 

This equation relates certain surface properties 
of the fabric—number of fibers, and their length 
to data obtainable from rate-of- 


cooling experiments. 


and conductivity 
The value for the correction 


term m, was obtained by making rate-of-cooling 


m 


COOLING, 
°o 
Mm 


.001 wm, -002 
SPECIFIC CONDUCTIVITY “¥ict om 


Fic. 2. Rates of cooling and thermal conductivities 


of homogeneous materials. 
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measurements on homogeneous materials varying 
widely in specific conductance. Plots of the log- 
arithm of temperature change against time vielded 
linear curves from which the slope, m, could be 
obtained. The observed values of m are plotted 
against the spec ific conductances of the materials 
in Figure 2. Extrapolation of this curve to zero 


conductivity value ol 


gave an estimate for the 
.00103 sec.-'. The linearity of the relation. 
ship in Figure 2 provided a test of the validity of the 


theory concerning heat losses to the insulation for 


mM, = 


materials ranging three-hundredfold in conductivits 

To verify this correction in another way, three 
synthetic “pile” fabrics were prepared by cementing 
together a number of lavers of open-mesh poly 
fabrics. By 


pieces to greater or smaller degrees prior to lamina- 


ethylene monofil raveling the fabric 


tion, assemblies with longer or shorter pile heights, 


/, were obtained, Similarly, by using fabrics ol 
higher or lower thread counts, fabrics of varving 
pile densities, nn, were obtained. 

The cooling curves for three such assemblies were 
obtained, and values ol the observed slope, m, to- 
gether with values of the air correction, m,, and the 
ratio n// are given in Table |. The values of m, 
were calculated trom the pile densities of each 
assembly, the apparatus constant, C, and the spe- 


cific conductance of air. Values of 2// were calcu- 

A plot 
with an 
m, intercept of .00105 sec.~', which is in excellent 
agreement with the value obtained from Figure 2 
The 00104 sec 
subsequent calculations on fabrics 


lated from the geometry of the assemblies. 


of n// as a tunction of m m, Was linear, 


average value of Was used in 


In cooling-rate experiments the exact amount of 
air present in the fabric surface is seldom known. 
In terms of the cooling-rate theory, this means that 


an estimate must be made of d, the effective frac- 


tional cross-sectional area of the fabric surface 


which is compose lof air. Because so much of the 


PABLE I.) CootinG Rates AND SURFACI 


Observed 
rate ol 


Surtace \n 
fraction 
cooling, of air, a* 


correction, 


(sec.~') 
00341 
00415 
00598 


0.95 
0.92 
0.92 


00134 
00130 
00130 


* Calculated from pile dimensions 
t Calculated using the observed rate of cooling 
and (13). 


t Calculated from rate of cooling data on the pile fabric 


hvure 


PARAMETERS FOR POLYERTHYLENI 


Number of 
surtace 
fibers, n* 


{cm ) 


for 


765 
surface is air, the calculated value of m, is not too 


sensitive to the choice made for d. Assuming 
ad = 0.9, 1 can be calculated for the polvethylene 
fabrics by using equation (14). The values of m 

calculated in this manner are also given in Table 1, 
and are seen to correspond closely to those caleu 
lated 


fabrics. On 


from these 


the known surface geometry of 
this 


a 0.9 and m, 


basis, an air correction using 
00127 sec. 


experimental data on fabrics 


was applied to the 
kor wool-type fab 
rics, at least, a correction of this magnitude should 
be entirely satisfactory. 


Relation of the Cooling Rates to Different 
Types of Fabric Surfaces 


The wavs in which the cooling rates and hence 
estimates of nk/l responded to changes in fabric 
surface were examined by experiments on pairs of 
fabrics one of which had been sheared or napped 
A comparison was also made of fabrics made from 
filament and staple fibers. these 
Values of the 
rate of cooling given by the time, /;, for the tem 
perature of the metal disc 


The results of 
experiments are given in ‘Table II 


to decrease 7.5°C (see 
Appendix) and calculated values of the surface 
function nk // are also given. 

The shearing of the wool fabrics decreased the 
time of cooling in each case——t.e., the rate of cooling 
and hence nk // were increased. ‘These results could 
mean an increase in the number of surface fibers, 7, 
or a decrease in their leneth, /, or both, and are 
consistent with what happens to the surface fibers 


in the shearing of a fabric. The large values of f: 


for the cooling curves of the wool blanket compared 


with those for the wool 


serge suggest that the 
blanket has fewer and longer surface fibers, which 
agrees with what one sees on visual comparison of 
these fabrics. 

In the case of the nylon and blended serge fabrics, 


the f; values are higher for the napped fabric of each 


rite Fanrics 


Length of 


surface 


Surtace 

ratio, 
fibers, /* n/\* 

(cm.) fom (cm 
64 0.51 125 130 
112 0.51 220 20 
112 0.25 $50 145 


air, OOL4T sec (Figure is equations 


s using equation (14) 
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pair. In other words, the napping operation de- 
creased the ratio of the number of surface fibers to 
their length. 

Fabrics made from staple fibers necessarily have 
more fiber ends and protruding segments than fab- 
rics made from filaments, and accordingly should 
This 


is borne out by the rate-of-cooling experiments on 


result in greater length of the surface fibers. 


rayon twill made from staple fibers and a corre- 
sponding fabric made from filament, the results of 
which are given in Table II. 


Application of the Rate-of-Cooling Theory 


Rate-of-cooling measurements were made on three 
all-wool serge fabrics, and values of the calculated 
nk/l are 


The value of Rk, the ‘‘unit’’ conductivity 


surlace property function recorded in 
Table IIT. 
per fiber, was calculated from the fiber denier, fiber 
density (1.32 for wool), and the specific conductance 
of keratin, 5.34 &* 10-4 cal./sec. °C em., averaged 
from the values of other workers [1, 6,7]. The 
resulting value of k = 1.37 & 10-° cal.cm./sec. °C 
was used to calculate the values of 2// recorded in 
the third column of this table. 

Photographs (Figure 3) were taken of the same 
fabrics by folding specimens diagonally to the prin- 
Estimates of the 
above the bulk 
fabric for samples 13 and A-napped are given in 
Table II]. An estimate of » was difficult for 
sample A because of the shortness of the surface 


cipal directions of the cloth. 


number of the surface fibers, 7, 


fibers. Accordingly, an average value from esti- 


Table IIT. 


Values of the fuzz fiber length, /, were estimated 


mates for the other fabrics was used in 


from compression measurements of these fabrics. 


TABLE TI. Surraci 


Sample Description 


13 hairy wool serge 


13 hairv wool serge— sheared 


HB wool blanket 
HB wool blanket 


sheared 


N2 nvlon serge 


N2 nylon serge-—napped 


blended serge t 
blended serge-—napped 
hlament 
staple 


rayon twill 
rayon twill 


+ 


‘alculated using equation (14) 


+ 50 wool, 30 acetate, 20 nvlon 


CooLING RATES FOR FABRICS OF 


= 


3368S re 


e 
% 
7 
a 
ad 
& 
& 
4 


“Seer ¢ % 


a.) oh a 


Fic. 3. The surface fibers of wool serge fabrics: top 
Fabric 13; middle—Fabric A; Fabric A 
(napped). (Magnification, 14x.) 


hottom 


ALTERED SURFACE CHARACTER 


Rate of 
cooling, nk /l* 
C cm.?*) & 10° 
78.! 69 
68. 87 


lime of 
cooling, f; 
(sec.) (cal. /sec. 


109.0 g 


90 50 


15. 
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lhe differences in thickness of the fabrics at 0.1 Ib. 
in.? and at 2.0 Ibs. in.? were used as observed values 
of / (given in Table III). Accordingly, values ot 
the surface parameter ratio n / were calculated from 
photograph and compression data, and these are 
presented in Table III for comparison with those 
obtained from rate-of-cooling experiments. 

It is important to note that the #// ratio is an 
even better measure of fabric surface than ¢;, be- 
In addi- 
tion, by the use of 2// it is theoretically possible to 


cause it is devoid of instrument errors. 
describe a fabric surface independent of the fiber 
substance and its associated specific thermal con- 
ductance. Accordingly, the 2// values of Table III 
should be an actual measure of the surface fuzziness 
ot 


tactile judgment and photographic appearance (Fig- 


these fabrics. There is good correlation with 


ure 3). The calculations of 2/1 trom rate-of-cooling 
experiments agree within an order of magnitude 
with values from photographs and compression 
measurements. In addition, relative values of n/1 
between fabrics from both methods are completely 
consistent, and these results lend considerable SUup- 
port to this type ol approach to fabric surface 
analysis. For these particular samples of wool, the 
results suggest that the differences in surface fuzzi- 
ness are due almost entirely 


to the length of the 
surface fibers. This is a reasonable description of 
the surface of these fabrics. 

The ol 
give independent « stimates of the number of surface 


inability the rate-of-cooling method to 


fibers and their ieneth need not be a drawback to 
It 


ratio n// which seems to have the most significance 


the analvsis of fabric surfaces. is the surface 


in terms of visual and tactile impressions of the 


surface. Measurements applying this method to a 


wide selection of fabric tvpes and fiber compositions 


are now in progress. 


PABLE TIT. CooumsG Rates AND SuRFACI 


Rate of 
cooling, nk /|* 
(cal 3 Cc 
~< 10") 
69 
11.9 
&.9 


Su 
Fabric description 
em. 


(cm 
Hairy wool serge (13) 


Smooth wool serge (A) 
Napped wool serge (A) 


* Calculated using equation (14) 

+ Estimated from photographs 

t Estimated from compression measurements 

** An average from the values for the other two fabrics 


ratio, n//* 


Summary 


A simple method is given for describing the sur 
face character of fabrics in a quantitative mannet 
The method is based on « ooling-rate determinations 
at the fabric surface. The results obtained appear 
to relate to certain characteristics of fabric handle 
which are generally described subjectively by ad 


jectives on a “hairy to smooth” or “warm to cool” 


scale of values. 


A 


presented, which permits interpretation of the re 


theoretical analysis is given of the method 
sults in terms of the number of surface fibers, 7, 
their mean length, /, and the unit thermal conduct 
ance of the fiber, k. Application of the theory to 
simulated pile fabrics of polvethylene and fabrics of 


wool appears to validate the general correctness of 
the theory. 


Appendix 


Theoretical Development of the Rate-of-Cooling 
Equation 


metal dise ol heat 


(greater than ambient temperature, 7°)) 


Consider a specit ¢, cross 


sectional area and mass JV/, at a temperature 7 


Suppose 


the disc to be thermally insulated so that no heat 


escapes from the sides or bottom Phen the flow 


of heat, 77, upwards trom the disc function of 


«cts 


time, f, will be 


dil 


} 


dt 


dl 


Vi 
' dt 


It 


tional area greater than 


fabric at 72, and of 


A is placed on the metal 


al CTOSS<-SCt 


temperature 


disc, and if there are n fiber contacts per unit area 


with the surface of the dise and each fiber has ‘unit’ 


/ 


conductance, k,* then there exists leneth, /, of 


at 


* k is defined as the specific conductance of the fiber material 
sectional area of the fiber Ihe 


multiplied by the cro unit 


of Rk are cal em. length (se 


PROPERTIES OF SOME ALL-Woor Serco t 


ABRICS 


Number of 


surhace 


Length of 
surlace 
fibers, /] 


x 10P) 


rlace Surtace 
fibers, nt 


210 


ratio, n/lt} 


x10 *) (em (cm (om x10 
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these fibers over which the temperature drop 7 — 7) 
occurs. If it is assumed that this length, /,* corre- 
sponds to the height of the fuzz on the fabric 


the rate of gain of heat by bulk fabric ts 


, then 


GH wth ,.. se 

A(1 fy). (2) 
dt l 

At any instant of time the amount of heat being 

lost by the dise equals that being gained by the 

fabric. Equating equations (1) and (2) gives 


Oe dl 
7 A(T — 1) Mem. 


(3) 


If the temperature difference, 7) — 7, corresponds 
to a linear galvanometer deflection, g, of the tem- 


perature measuring system, then 
g = B(T —T7)), 
where B is the proportionality constant and 


dg dT 
<i. 
dt : dt 


Substituting equations (4) and (5) in equation 
gives 


nk _dg 
] Ag = Me a’ 


Sit IM«c dg 


nkA ¢g 
Integrating equation (7), 


— 2.303 1 Me 


log g oi (8) 
nkA BRT 


It at time 
1 (full-scale deflection), then J = 0 and 


where / is the constant of integration. 
t= 0, g 


2.303 1 Me 


log g. (9) 
nkA =e 


Where a plot of ¢ vs. log g is linear with slope, m, 
then 
nk 2.303 \Mcm 


j 4 (10) 


The parameters dese riptive ol the tabric surtace 
are grouped on the left-hand side of equation (10), 
while on the right are the apparatus constants and 
the experimentally determined slope, m. 


*For very smooth fabrics a considerable portion of the 
temperature drop occurs across bulk fabric, so that heat losses 
to the loading weight are also possible. 
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As a convenience for making a quick comparison 
of the cooling rates produced by fabric surfaces one 
can utilize the time, ¢;, taken for the galvanometer 
deflection, g, to fall to one-half full scale. In equa- 
tion (9) log g becomes 0.699 and m of equation (10) 
then equals 0.699, t;.. This means that 1/t; is pro- 
portional to the cooling rate and hence is a measure 
of the fabric parameter ratio nk ‘1. 

Up to this point in the analysis the assumption 
has been made that all heat losses from the metal 
disc occur to the surface fibers of the fabric. In 
actual practice two other types of heat loss to the 
affect 
(1) losses to the insulation on which the metal disc 


environment the cooling rate of the disc: 
is mounted, and (2) losses to the air surrounding 
the fiber contacts and trapped between the dise and 
the fabric. 

The heat losses to the insulation will appear as a 
correction to the slope, m, so that equation (10) 
may be written as 


nk 
l 


= C(m — m.,). 


- 2.303 Me 
A 


If it is desired to determine the heat losses to the 


C is the apparatus constant 


fabric surface independent of the air trapped in the 
fuzz, then losses to the trapped air must be ac- 
If the 
effective fractional cross-sectional area of the fabric 


counted for in the cooling-rate equations. 


surface made up of air is d and the specific conduct- 
ance of air is ka, then equation (11) becomes 


nk 


/ + ak, eo 


C(m (12) 


Where m, is the cooling curve slope for losses to air 


only, given by 
ak, 
Cc: 


Ma = 


(13) 


then the final cooling-rate equation is 


nk 
l 


C(m m, mMa,). 
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Prevention of Soil Redeposition in Textile Cleaning 
Operations by Proteins and Other 
Polymeric Materials’ 


W. Fong and H. P. Lundgren 


Western Regtonal Research Laboratory,+ Albany, California 


Abstract 


Certain proteins and other polymeric materials have been found highly effective in preventing 
the redeposition of carbon black, a test soil, on cotton fabric in aqueous cleaning systems containing 
an alkylarylsulfonate detergent and builders. The 


alkaline 
7 found to 


ties of the various proteins tested were 
content The proline ric] good to excellent 
synthetic polymer materials investigated, the 
charged types For the uncharged 


ethylene glycol, 


soil-redeposition-preventing proper 
be correlated approximately with their proline 
retention. OF 


were more 


proteins gave whiteness several 
than the 
and poly 


observed for maximum effe 


uncharged types 
polyvinylpyrrolidone, 


an optimum degree of polymerization was 


effective 
polymers, polyvinyl alcohol, 


tiveness 


Ix any textile cleaning operation the ability of a de 


tergent system to prevent soil from redepositing on 
the fabric after it has once been removed is of equal 
importance to its ability to remove soil initially. In 
vestigators have referred to this phenomenon variously 
as “soil redeposition,” “soil suspension,” or “white 
ness retention.” The highly effective action of cer 
tain proteins and synthetic polymeric materials in 
preventing the deposition of carbon black from an 
aqueous alkaline-built alkylarylsulfonate detergent 
solution is described in this report. 

The importance of soil redeposition as a factor in 
detergent action was first stressed by Carter [5], who 


* This work was supported by a Working Fund provides 
by the Quartermaster Corps, Department of the Army. This 
report was presented at the 123rd National Meeting of the 
American Chemical Society, Los Angeles, Calif., Mar. 1953 
A report based on this paper appeared in the Sept., 1953, is 
sue of Industrial and Engineering Chemistry 

r Bureau of Agricultural and Industrial Chemistry, 
cultural Administration, U. S 
Agriculture 


Agri 


Research Department of 


reported that the silicates and phosphates prevented 
redeposition much more effectively than sodium hy 
droxide or sodium carbonate when used as builders 
This finding was confirmed by Powney and 


Noad [9] and by Vaughan and Vittone [11] 


In recent years the problem of preventing soil re 


fc rs “ap 


deposition has assumed additional importance be 
cause of the relatively poor whiteness retention as 
sociated with the use of synthetic detergents in com 
parison with soap. This point is well illustrated In 
the recent work of Wagg [12], who showed that so 
dium oleate is superior to four representative types of 
synthetic detergents in the prevention of soil redepo 
sition \s in the case of soap, the silicates and phos 
phates have been reported to be effective in improving 
alkvlarvlsulfonate de 


the whiteness retention of 


tergents [7| 
A generally accepted postwar innovation for im 
proving whiteness retention is the use of sodium car 


boxymethyl cellulose (C\1C), a German World War 





hed 
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I] development, as a builder in detergent formulations 
{1, 3, 10}. 


CMC in preventing redisposition to its stabilization 


Many have attributed the action of 


of the dispersed soil by protective colloid action. In 
the recent work of Batholomé and Buschmann |2| 
the adsorption of CMC by the fabric is considered 
to play a dominant role as predicted on theoretical 
grounds by Nieuwenhuis [8|. It is relevant to note 
that Compton and Hart [6] concluded from. their 
studies that the main mechanism of soil deposition 
is mechanical occlusion of the soil in the interstices 
of the fiber and between fibers, and that adsorption 
electrostatic or der Waals’ forces is 


due to van 


relatively unimportant. 


Experimental 


In this study, evaluation of whiteness retention was 
based upon photometric measurement of carbon depo 
sition on unsoiled cotton fabric agitated in a Launder 
ometer (Atlas Electric Devices Co.)* containing a 
detergent solution that included a standard amount 
of carbon black [10]. A 200-ml. portion of the de 
tergent solution being tested was placed in a pint jar, 
together with twenty |-in. stainless-steel balls and a 
The 


The jars 


7 in. © & in. swatch of a standard cotton fabric. 
weight ratio of solution to fabric was 40. 
were preheated to 60°C, then sealed, placed in the 
Launderometer, and tumbled at 40 r.p.m. for 20 min. 
at 60°C. 


four times with distilled water at room temperature, 


Each soiled swatch was then hand-rinsed 


replaced in the jar with 200 ml. of distilled water and 
20 stainless-steel balls, and tumbled for an additional 
The test 
a basket centrifuge, 


10 min. in the Launderometer at 60°C. 


samples were finally spun in 
dried at 60°C in a circulating oven, and hand-ironed. 

The extent of soil deposition was determined by the 
measurement of reflectance with a Hunter Color and 
Color Difference Meter (Henry A. Gardener Labor- 
atory, Ine.), calibrated to read directly in percentage 
of retlectance of a standard white porcelain plate 
National Standards 
magnesium standard ) 


(calibrated by the Bureau of 


against a primary oxide 
Three measurements of reflectance were made and 
averaged for each test sample. Duplicate tests agreed 
within 5% 

The standard soil adopted for use was an aqueous 
colloidal carbon black dispersion, Aquablak B (Binney 
and Smith Co.), with an average particle size of 28 

* Mention of this product and others by commercial name 
does not imply endorsement by the Department of Agricul 
ture over others of a similar nature not mentioned 
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my, supplied as a paste containing 35¢¢ solids. A 
2% stock solution was prepared from this paste 


by dilution with distilled water. In the evaluation 


of soil redeposition, the concentration of carbon in 


the test solutions was always adjusted to 0.1%. 
The cotton cloth used was bleached, unsized In 

(Test Inc.). <A 

type of cloth is used as a standard material by most 


dianhead muslin Fabrics, similar 


detergency investigators in this country. The un 
soiled test cloth had a reflectance of 68 + 1%. 

The standard detergent solution chosen for study 
was an alkaline-built, alkylarylsulfonate formulation 
consisting of 0.12% Nacconol NRSF ( National Ani 
line Division, Allied Chemical & Dye Corp. ), 0.08% 
sodium tripolyphosphate (Westvaco Division, Food 
Machinery & Chemical Corp.), and 0.04° sodium 
carbonate (reagent grade), plus the 0.10 carbon 
black mentioned above. 
10.2. 


because of the commercial importance of the com 


The pH of this solution was 
This system was chosen for study primarily 


ponents, 


Results and Discussion 
Proteins 

The protective-colloid property of proteins and 
polypeptides is well known. These materials have 
heen used as additives to improve foaming and as 
fillers in certain detergent formulations. However, 
proteins are not utilized in general practice to con 
trol soil redeposition, 

In a preliminary study it was found that certain 
proteins (gliadin from wheat and a soluble keratin 
from feathers) were as highly effective as CVC in 
preventing redeposition of carbon black on cotton 
when added to the standard alkaline-built detergent 
solution, The gliadin was obtained by extracting 
gluten with 60° ethyl alcohol, and the keratin by ex 
tracting chicken feathers in an autoclave at 120°C 
with 50% ethyl alcohol. 

This study of protein action in preventing soil 
redeposition was extended to the comparison of a 
selected group of proteins in an attempt to relate 
whiteness-retention activity with specific protein prop 
erties. In addition to giiadin and feather keratin, pro- 
teins included in the investigation were recrystallized 
egg albumin (laboratory preparation), bovine plasma 
albumin (Armour), lysozyme (Armour), and sev- 
eral commercially important proteins—rennet casein, 
zein, and gelatin. For comparative purposes a com 
mercial sample of sodium carboxymethyl cellulose 
(CMC..cT grade, low viscosity, Hercules Powder 





NOVEMBER, 1953 
Co.) was included. This product contained 850 ac 
tive material, and the concentration was corrected 
accordingly. 

These substances were evaluated for whiteness-re 
tention activity, measured by reflectance after soil 
ing, at several concentration levels in the standard 
detergent solution. The results, summarized in Fig 
ure 1, show an extreme variation in the relative white 
ness retention with the proteins included in_ this 
study. Krom these experiments gliadin appears to 
he outstanding in preventing redeposition of carbon 
on cotton fabric in comparison either with the other 
proteins or with CMC. The apparent decrease in 
the efficiency of gelatin at concentrations greater than 
0.005¢¢ is noteworthy, because it differs in this re 
spect from the behavior of the other proteins tested 

examination of the data reveals no obvious rela 
tion between the ability to prevent soil redeposition 
and several protein properties—namely, the number 
of acid or basic groups, isoelectric point, molecular 
size, and content of various amino acids. However, 
apparent positive correlation exists with the relative 
content of the amino acid residue, proline, as shown 
in Table I. 
gelatin, which have relatively high proline contents, 
On the 
other hand, egg albumin, bovine plasma albumin, and 


Ghiadin, feather keratin, casein, and 


lead to relatively high whiteness retention. 


lysozyme, all very low in proline, give poor whiteness 
retention. Zein is an exception in that it gives some 
what lower whiteness retention than the other high 
proline proteins. Proline itself has no effect as a 


whiteness-retention additive. 
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The correlation of whiteness retention with pro 


line content may be incidental. On the other hand, if 
the correlation is significant, a possible interpretation 
may be based upon the cyclic nature of the peptic 
group of the proline residue, which introduces an it 
regularity in the backbone structure of the protein 
This irregularity may increase the extent of uncoiling 
of the protein in solution and prevent self-interaction 
Thus, the extent of adsorption of the protein at the 
surface of the soil or fabric would be increased. 
There is also the likelihood, in the case of gliadin 


1-4; 
bby 


that the high content of amide residues (around 
of the total nitrogen) may contribute to the unusual 
activity of this protein. Accessible amide groups can 
function in possible hydrogen-bonding interaction 


with the soil or fabric. 


Uncharged Synthetic Polymers 


The complexity of the structure of proteins makes 
difficult the interpretation of the results obtained 
for soil redeposition on the basis of specific proteim 
properties. For this reason, this imvestigation has 
been extended to a study of certain synthetic, water 
soluble, high polymers as model compounds. Among 


the substances studied 


were polyvinylpyrrolidone 
polyvinyl alcohol, polvethylene glycol, and sodium 
polyacrylate. 
Polyvinylpyrrolidone (PIP?) has special interest 
in this study because of its structural relationship to 
proline-rich proteins. Several samples of PVP ot 
varying molecular size (Schenley Laboratories, Inc. ) 
were tested as whiteness-retention additives by the 
standard procedure. The most interesting aspect of 


) 


the data, shown in Figure 2, is the marked dependences 


of whiteness retention upon the molecular size of the 


TABLE |! 


CORRELATION OF 
PROLINI 


WHITENESS RETENTION WITH 
CONTENT OF PROTEINS 


Proline 
content” 
14.7 
10.9 


W hitene 


Protein retention 


Gelatin 
Gliadin 
Casein 10.6 yood 
Zein 10.3 fair 

Feather keratin 9.9 
Bovine serum albumin 


yood 


excellent 


good 
5.5 poor 
Eyg albumin 3.3 poor 
Lysozyme 1.4 poor 

"Grams of proline per 100° grams of 
values from Block and Bolling [4 


and lysozyme, 


Selected 


, except for feather keratin 


prote m 


which were determined microbiologically in 


this Laboratory 
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Iffect of molecular size of polyvinylpy 
rolidone on whiteness retention 
polymer, The two lower-molecular-weight samples, 
K21 and K29, are very effective in preventing soil 
redeposition, comparable, in fact, to the CA7C sample 
studied, 
The second synthetic polymeric material selected 
A series of 
samples varying in degree of polymerization and in 


for study was polyvinyl aleohol (?1A ). 


degree of hydrolysis (of the polyvinyl acetate to the 
alcohol) is available commercially under the trade 
I. du Pont de Nemours & Co.). 
Soil redeposition tests with several selected samples 


name of Elvanol (E. 


as additives were carried out by the routine procedure, 
The results are shown in Figure 3. These and sub- 
sequent data proved to be not directly comparable 
with the protein and ?’1’P? data, because exhaustion 
of the original supply of cotton cloth required substi 
tution of a different lot. 

As was true with PVP, the lower-viscosity or 
lower-molecular-weight samples of PI’ were more 
effective in improving whiteness retention than the 
higher-viscosity or higher-molecular-weight samples. 
The effectiveness of the completely hydrolyzed sam- 
The 


occurrence of a maximum in whiteness-retention ac- 


ples drops off at higher concentration levels, 


tion with concentration may be due to a tendency of 
the completely hydrolyzed material to aggregate with 
increasing concentration, [-vidence supporting such 
an interpretation is that the partially acetylated sam 
ples (which would have less tendency to aggregate 
because of the partial blocking of the hydroxyl 
groups) show the normal increase and leveling off in 
whiteness-retention activity with increasing concen 


tration, The improvement in whiteness retention 
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Fic. 4. Effect of molecular size of polyethylene glycol 


on whiteness retention. 


with partial acetylation is desirable from a practical 
point of view, since the acetate group represents 
nearly half of the weight of the unhydrolyzed ma 
terial, 

The uppermost curve in Figure 3 shows that white- 
ness retention can be improved by depolymerizing 
Klvanol 51-05. 


with a 30 hydrogen peroxide solution for 15 min. 


This was accomplished by treating 


at 70°C and then removing excess hydrogen peroxide 
with platinum black. 


riods up to 2 hrs. did not result in further improve 


Continued treatment for pe 


ment of this material as a whiteness-retention additive 

Although samples of still lower molecular weight 
were not tested, it would appear that the ability to 
prevent soil redeposition drops off with further re 
duction in molecular size, since ethyl aleohol, which 
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Fic. 5. Effect of sodium chloride on the prevention 
of soil redeposition by polyvinylpyrrolidone, polyvinyl 
alcohol, gliadin, and sodium carboxymethyl cellulose. 


TABLE II. Errecr or SopiuMm PoLYACRYLATE ON 


WHITENESS RETENTION 


at varying concentrations 
0.005% 0.01% 0.05°% 0.10°; 
low 20 18 i | 14 12 
medium 19 18 17 13 9 
high 22 17 16 9 


Viscos Reflectance 


ity 0.001°; 


may be considered as the monomer, is totally inetfec 


tive as a whiteness-retention additive. 


This behavior of lower-molecular-weight synthetic 


polymers was observed in the case of polyethylene 
glycol (PEG ) for samples ranging in average molecu 
lar weight from 200 to 6,000 (Carbide 
Union Carbide and Carbon Corp. ) 


As shown in Figure 4, there was an increase in white 


and Carbon 
Chemicals Co., 


ness retention with increasing molecular size. The 


effectiveness of even the highest-molecular-weight 
sample of PEG tested was still relatively poor. The 
trend suggests that higher-molecular-weight samples 
would be more effective, but such samples were not 
available for study. 
From the foregoing, it is apparent that the effec 

tiveness of PI’ P, PVA, and PEG depends upon the 
molecular size of the polymer. There appears to be 


molecular size for 


an optimum in maximum white 


ness-retention action. Below this optimum soil re 


deposition decreases with increase in molecular 


weight, and above this optimum soil redeposition in 


POLY VINTLPTRROL GONE - R28 
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REFLECTANCE, 


100 200 300 400 
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Kic. 6. Effect of calctum chloride on prevention of 
soil redeposition by polyvinylpyrrolidone, polyvinyl al 
cohol, gliadin, and sodium carboxymethyl cellulos 


creases with increase in molecular weight. All of 


potential hydrogen-bonding 
that the 


these compounds have 


activity, and it is not unlikely observed be 


havior is a reflection of hydrogen bond interaction 
Moreover, the behavior with respect to molecular size 
first, the in 


creased number of hydrogen-bond sites on the mole 


is pre Ibably the reflection of two factors 
cules with increasing molecular size would favor in 

creasing affinity of the soil or fabric for the agent ; and 
second, the tendency of the larger-molecular-size poly 

mers to coil and self-interact would reduce their ability 
to interact with the soil or fabric. Accordingly, an op 
timum in the effectiveness of the polymers with re- 


spect to molecular size is to be expected 


Charged Synthetic Polymers 


Up to this point, attention has 
wards the 


been directed 


uncharged class of synthetic polymeric 


materials. It is of interest to consider some of the 


water-soluble, charged synthetic polymers, a category 


to which sodium 


carboxymethyl cellulose belongs 


As an example, three samples of different molecular 


(B. F. 


standard testing procedure 


size of sodium polyacrylate Goodrich Co. ) 


were examined by the 
adopted i" this study. It is evident from the results 
Il that the 

promotes redeposition of carbon 
black on the cotton fabric, 

Several 
ated, 
copolymer of styrene 


shown in Table negatively charged poly 


acrylate actually 


other anionic polyelectrolytes were in 


Vinylite SYHM, a 
(Bake 


vestig including : resin 


and maleic anhydride 
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lite Co., Union Carbide and Carbon Corp.), PVM/ 
MA, a copolymer of methyl vinyl ether and maleic 
anhydride (General Aniline & Film Corp.), and poly 
vinyl hydrogen phthalate (Eastman). The results 
confirmed the observation that this class of material 
is generally ineffective in promoting whiteness reten- 


tion, at least in the molecular-weight range available., 


\ cationic polyelectrolyte, polyvinyl mixed lauryl 
ethyl pyridinium bromide (supplied by Dr. U. P. 
Strauss, Rutgers University), was similarly tested 
and found ineffective for preventing soil redeposition. 
Iiffect of Added Electrolytes 

The influence of added electrolytes on soil redepo 
sition in the presence of PVP (K29), PVA (Klvanol 
51-05), gliadin, or CMC, each present at a constant 
coneentration of 0.01%, is shown in Figure 5 for so 
dium chloride and in Figure 6 for calcium chloride. 

In the case of calcium chloride, the composition 
of the standard test solution was changed to avoid 
the sequestering action by sodium tripolyphosphate 
and the precipitating action of sodium carbonate on 
calcium, The test solutions were made to contain 
0.12% Nacconol NRSF and 0.1% carbon black as be- 
fore, and the pH was adjusted to 10.2 by a sodium 
hydroxide-glycine buffer system. In the case of so- 
dium chloride, no change was made in the composition 
of the standard solution. The concentration of so- 
dium chloride is expressed on an equivalence basis, 
and that of calcium chloride as parts per million of 
CaCo,. 

Both sodium chloride and calcium chloride have a 
marked deleterious effect on the ability of the various 
additives to prevent soil redeposition. PVA appears 
to be extremely sensitive to the presence of electrolyte, 
especially sodium chloride; PIP is relatively insensi- 
tive, and CMC and gliadin are intermediate. 

On a cation equivalent basis, the amount of calcium 
required to produce an initial decrease in whiteness 
retention is considerably less than ihat required for 
sodium. This is in accordance with the well-known 
Schulze-Hardy rule for the coagulation of hydro- 
phobic colloids by ions opposite in charge to that of 
the colloid system (both carbon and cotton are nega- 
tively charged under the experimental conditions ) 
and with increasing effectiveness of the ion with its 
valence. The results suggest that the extent of soil 
redeposition in the cotton-carbon black system may be 
related to the electrokinetic properties of the system 

that is, to the surface charge and surface potential 
of the carbon black and cotton. 
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In addition to the initial decrease in whiteness re 
tention with added electrolyte, the data for sodium 
chloride show that there is a subsequent increase in 
whiteness retention with increasing salt at high salt 


concentration. This effect is interpreted as due to 


flocculation of the carbon by the salt to form larger 


size aggregates which have less tendency to deposit. 
The inverse relationship between particle size and 
degree of carbon deposition is well illustrated by the 
work of Compton and Hart [6]. 


Effect of pH 


Krom a practical viewpoint, the performance of 
whiteness-retention additives becomes of greatest im- 
portance under alkaline conditions where soil re- 
moval is optimum. However, performance over a 
wide range of pH values is of interest in considering 
the mechanism of soil-redeposition action. : 

\ccordingly, the effectiveness of PVP (K29), 
PVA (Elvanol 51-05), gliadin, and CMC at a con 
stant concentration level of 0.01% in preventing soil 
redeposition has been determined under neutral and 
acid conditions for comparison with results deter- 
mined under alkaline conditions obtained previously. 
The data are shown in Figure 7. 

In all cases, the test solutions contained 0.12% 
Nacconol NRST and 0.1% carbon black as in previ- 
ous experiments. The sodium ion concentration at 
each pH level was adjusted to equal that in the origi- 
The results reveal 
several points worthy of comment. With no additive 
(that is, with Nacconol NRSF alone) pH has no 


nal standard alkaline solution. 
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PABLE II]. Wuarreness RETENTION OF 
WITH AND WITHOUT 


CMC ann PVA 
\ppED Nacconot NRSF 


Reflectance 
CMC PVA 

Concen No 0.12% No 0.12°; 
Nacconol Nacconol Nacconol Nacconol 
0.0016, 2 35 17 47 
0.005°,; 0 $7 59 60 
0.01, 51 54 61 58 
0.05, 60 62 58 59 

0 10°, 63 62 53 6) 


tration 


0 about 15 about 25 about about 


perceptible effect except in the alkaline region (pH 
10.2) where carbon deposition is extremely heavy. 
The whiteness retention of both PI’A and gliadin 
falls off regularly with decreasing pH. The action 
of PVP is similar, but it is not quite so sensitive to 
pH changes. The results obtained with CMC are ex 
ceptional. In the range between 3.9 and 10.2, pH 
has practically no effect on the action of CMC in pre 
venting redeposition. However, at pH 2 deposition 
is extremely heavy. It may be significant that ioniza 
tion of the carboxyl groups is suppressed in the ap 


proximate range from pH 4 to 2. 


Effect without Added Detergent 


A further consideration in the action of whiteness 
retention additives is their behavior in the absence of 
added detergent, which was present in all previous 
experiments. Experiments were carried out with 
the standard alkaline carbon black suspension (0.08% 
sodium tripolyphosphate, 0.040% sodium carbonate, 
and 0.1% carbon black) with varying concentration 
of CMC and PVA as whiteness-retention additives 
The results shown in Table IIT reveal that in the 
case of both CMC and PVA at concentrations below 
0.005°% 
tention. The improvement is especially pronounced 


at 0.001% concentration of PA. Above 0.005% 


, added detergent improves the whiteness re 


concentration, the presence or absence of Nacconol is 
not an important factor in the ability of CIC or 
PVA to prevent soil redeposition. 


In order to obtain information of a more funda 
mental nature concerning the action of whiteness-re 
tention additives in preventing soil redeposition, an 
electrophoretic study is being carried out to deter 
mine the quantitative relation involved in systems of 
interacting detergent, whiteness-retention additives, 
soil, and fabric. The results will be included in: a 


separate paper. 


Summary 


The foregoing results have established the follow 
ing main points of interest: 
1. Ghiadin, 


weight polyvinyl alcohol, and low-molecular-weight 


partially acetylated low-molecular 
polyvinylpyrrolidone are all excellent additives at low 


concentration (0,00507-0.01% ) in preventing soil 
redeposition from aqueous alkaline-built: alkylaryl 
sulfonate detergent solutions 

2. In the case of proteins, there is correlation he 
tween whiteness-retention activity and relative abun 
dance of the amino acid. residue, proline. 

3. In the case of uncharged synthetic high poly 
mers, there is an optimum molecular size for maxi 
mum whiteness-retention activity 

4. In general, anionic and cationic synthetic poly 
electrolytes are ineffective in preventing soil redeposi 
tion 

5. The pronounced effect of electrolytes in de 
creasing whiteness-retention activity of the effective 
whiteness-retention additives indicates the importance 
of electrokinetic effects 

6. Similarly, decrease in whiteness-retention ac 
tivity with a shift to lower pH levels suggests a rela 


tion to electrical potential of soil and/or fabric 
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Some Observations on the Reaction of Modified 
Keratins with Nitroprusside 
O. Ripa* 


Abstract 


The sulfhydryl groups of treated keratin differ from those of ordinary thiol compounds in their 
reactivity toward sodium nitroprusside—they often do not give the characteristic red-violet 
coloration in slightly alkaline aqueous medium. 

Among the several modifications of keratin investigated, only keratin treated with thio- 
glycollate gave a positive reaction. In all other cases, however, a positive reaction could be 
obtained if it was carried out in concentrated guanidine hydrochloride solution. This medium 
should therefore be used to prove the presence of sulfhydryl groups in treated keratin. 

The application of the nitroprusside reaction in both of these media showed that the treat- 
ment with thioglycollate differed from other cases in that it produced two kinds of sulfhydryl 
groups. Some of the groups reacted with nitroprusside in an aqueous medium, while some did 
so only in guanidine hydrochloride solution. 

Similarly, the detection of the disulfide groups of untreated keratin by means of potassium 
cyanide and nitroprusside should also be brought about in concentrated guanidine hydrochloride 
solution, because the color does not appear in aqueous medium. 

At temperatures of 65° and 100°C, according to Phillips et al., the treatment of wool with 
aqueous solutions of potassium cyanide leads to an almost quantitative conversion of the com- 
bined cystine into lanthionine. However, such wool also gives a strong coloration with nitro- 
prusside in guanidine hydrochloride solution. This cannot be caused by lanthionine, and is 
therefore in contradiction to the assumed quantitative nature of the formation of lanthionine 
under the specified conditions. 


Introduction The intensity of the color is dependent upon the 
alkalinity of the solution because of a competitive 


Despite the great technological and theoretical im- d : ; 
I § & reaction of the OH™ ions: 


portance of the disulfide linkage in keratin, little 
work has been done on either the detection or the [Fe(CN);NO]-~ + 2OH> @ 

determination of the SS— and SH groups [ Fe(CN)sNOdz } + HO, 
directly in the animal fibers without any previous 


CP and it is also affected by the instability of the colored 
iydrolysis. 


pe 7 ats compound. 
The most common reagent used for a qualitative 


test is sodium nitroprusside (NP), but its applica- 
tion on treated keratin has often led to inconsistent 
results [17, 29]. 

With soluble inorganic sulfides in slightly alkaline 
media, NP readily gives the well-known transient 
reddish-violet coloration which is due to the follow- Ky Fe(CN);NOS:CH2:CH(NH2)-COOH }-4 H.O 
ing compound |16, 26] : 


Cystine should be reduced to cysteine in order to 
produce a positive reaction with NP. Thus, for in- 
stance, in potassium hydroxide containing methyl 
alcohol, the formation of a colored compound of the 
formula 


has been reported [20], the sensitivity of the reac 


[Fe(CN),NO} LS [Fe(CN)s NOS] ; tion being about 1 part in 60,000. The reaction with 
‘¢ i H - — tre iN/5 . r P : ; ; 

' NP has also been used for the quantitative determi 
or nation of cystine [13, 22, 24]. 


With animal fibers, —SH groups can be found in 
the bulb of the fiber [10], but they disappear after 
the completion of the process of keratinization 


[Fe(CN)sNO]-- + 2SH- —> 
[Fe(CN)s NOS] & HA. 


* Present address: 1738 N. Merrimac Ave., Chicago, Ill i.e., in the shaft. Then, upon acid hydrolysis, most 
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of the sulfur of fibers is found to be in the form of 
cystine. By analogy with this amino acid, one may 
expect that after converting the disulfide sulfur of 
the combined cystine of keratin into the sulfhydryl 
sulfur, it should then be capable of reacting with 
NP. 
means of potassium cyanide, which is known to 
split.cystine at room temperature [21, 23] : 


This reaction is usually brought about by 


CH-CH:2-S:-S-CH:-CH + KCN 


CH-CHs-SK + NCS-CHe-CH 


Even in such a case, however, wool remains prac- 
tically unreactive to NP; this behavior has been ex- 
plained as being due to the failure of the reagent to 
penetrate the fiber rapidly enough [28]. Neverthe- 
less, the NP reaction is often used as a convenient 
means of proving or disproving the presence of 

SH groups in keratin. One of the purposes of 
the present work is to show how to improve the re 
liability of the test. 

This peculiar behavior of keratin is not unique if 
compared with other proteins. Many cases are 
known where proteins containing —-SS— or —SH 
groups do not show the expected response to the 
test reagents. It has been found that these groups 
can be made reactive if reactions are carried out in 
the presence of denaturing agents like urea, guani- 
dine hydrochloride (G-HC1), etc. The use of urea 
in rendering the NP reaction with wool positive was 
suggested by Ramsden [15], while the much greater 
effect of G-HCl toward other proteins was investi- 
gated by Greenstein [8]. According to the latter 
author, 6.17 G-HCI solution is capable of rendering 
-SH and —SS 
Also, the exceptional 


reactive the maximum amount of 
groups present in a protein. 
reactivity of the —SS— groups of wool toward re- 
ducing agents in the presence of G-HClI has been 
mentioned [11, 14]. 
that the denaturing agents, and especially G-HCI, 
might be useful in the reaction of NP with wool. 


These data lead one to assume 


Experimental Procedure 


The Lincoln wool used in all of the experiments 
was purified by extraction with alcohol and ether, 
and rinsed thoroughly in distilled water. It was 


treated in different ways in order to produce some 
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—SH groups, some of the treatments being chosen 
so as to conform with the procedures used by other 
authors. In each case, 1 g. of air-dry wool was 
treated with the following reagents under the follow- 
ing conditions: 


30% NaHSQ, solution, 1:50, 17 hrs., 25°C; 
5°%, NaHSO, solution, 1:50, 30 min., 100°C; 
0.1.N NaOH solution, 1:50, 25 hrs., 25°C 
0.5N NaOH solution, 1:50, 1 hr., 25°C 
0.65°%, KCN solution, 1:100, 16 hrs., 65°C; 
1.0°% KCN solution, 1:100, 30 min., 100°C; 
1.0.\17 HS-CH.COONH, adjusted with NHs, to 
pH 9.0, 1:100, 1 hr., 25°C; 
1.0°% KCN in saturated G- HCI solution, 1: 100, 
30 min., 25°C. 


The NP test was tried on each of the samples of 
treated fibers immediately after rinsing them thor 
oughly in distilled water, after the fibers had been 
washed for 4 hrs., and after the dried fibers had been 
exposed to the air for certain periods of time. 

\mmonium thioglycollate, which interferes with 
the NP test, was removed from the treated fibers by 
washing them for 30 min that 
slightly acidified with HCl, The completion of the 


with water was 
removal was checked with cobalt sulfate and sodium 
pyrophosphate reagent [6]. 

The chemicals used were of analytical reagent 
grade. Guanidine hydrochloride (G*HCl1) was re- 
None 
of the approximately 81/ solutions of urea and 


G:HCl blank test. <A 


freshly prepared 20% solution of sodium nitroprus 


crystallized twice from a hot water solution. 


showed any coloration in 
side (NP) was always used. 

The NP with 
treated and untreated wool fibers were established in 


proper conditions for the tests 


a series of experiments. Increasing concentrations 
of ammonia and NP were found to make the color 
more intensive, and, therefore, in order to achieve 
comparable results, the amounts of the reactants 
should be kept constant. Two reagents were pre 
pared, and the tests were carried out at room tem- 
perature (25 2°C) using, in each case, approxi 
mately 6 mg. of wool 

Reagent | 

3.0 ml. 


Reagent I 
8.17 G-HCl 3.0 ml. 
20% KCN 0.15 ml. 

conc. HNs to pH 9.8 


20% NP 0.1 ml. 


to pH 9.8 
0.1 mi. 





77% 


Reagent |, containing KCN, was used for the detec- 
tion of disulfide sulfur, and reagent II, without 
KCN, for discovering the presence of 
in keratin. 


SH groups 


In swollen keratin, the coloration produced by 


SH groups with reagent II fades rapidly, within 
several minutes, whereas the coloration produced by 
SS 


pearing in about | to 4 hr., because of the continuous 


groups with reagent [ is more stable, disap 


release of unreacted sulfhydryl groups by KCN. 
It also seems to be possible to distinguish between 
the —SH and —SS— groups in the same sample, 
by applying reagent II first and allowing the colora 
tion to fade out, and then adding KCN and observ- 
ing the reappearance of the color. 

Weak coloration is observed best if the sample is 
taken out of the reagent and pressed between sheets 
of filter paper. Maximum coloration with reagent 
I can be obtained when the addition of the NP is 
postponed until all of the —SS 
acted with KCN. The lowest pH limit for a posi- 
tive test with treated keratin appears to be between 
7 and &. 


linkages have re- 


In general, the test can be simplified by taking a 
few milligrams of fibers, and adding several milli- 
liters of saturated solution of G-HC1 and 1 to 2 
drops each of concentrated ammonia, 20° solution 
of NP, and 20% solution of KCN (when necessary ). 

The measurements of transversal swelling were 
performed under the microscope at room tempera- 
ture by following the change in diameter with the 
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Fic. 1. Change in lateral swelling of Lincoln wool 
fibers in solutions of different reagents with time of 
treatment. Temperature, 25° + 2°C; pH adjustments 
made with ammonia. 
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Krom 
5 to 7 fibers were measured, but only one for each 


time of treatment at one place on the fiber. 
treatment is represented in Figures 1 and 2. 


Results and Discussion 


Detection of —SS— Groups 


In order to bring about the reaction with NP, the 
SS groups of keratin should be converted into 
SH groups. This conversion is usually achieved 
by means of KCN, which reacts readily with simple 
disulfide compounds. ‘The combined cystine which 
makes up most of the total sulfur content of wool, 
however, differs markedly in its behavior toward 
KCN from amino acid cystine. The resistance of 
wool to aqueous solutions of KCN in the cold has 
already been noted by Goddard and Michaelis [6], 
and this might be the cause of the negative \P test 
with wool under conditions which would give a posi- 
tive result with cystine. 

At higher temperatures of 65° and 100°C, the re- 
action of KCN with keratin is known to take place. 
As a result of an extensive investigation by Cuthbert 
son and Phillips [3], it is generally assumed that 


200 


LATERAL SWELLING (%) 


1 
15 30 
TIME (MIN.) 





Fic. 2. Change in lateral swelling of Lincoln wool 
fibers with time of treatment. A—1% solution of KCN 
in saturated G:HCl solution. B—1IM HSCH.COONH, 
at pH 9.0. In both cases the swelling medium changed 
at 1 for distilled water; at 2 for water, pH 10.0; and 
at 3 for G:HCl, pH 9.8. Temperature, 25° + 2°C; pH 


adjustments made with ammonia. 
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nearly all of the disulfide bonds are converted into 
thioether links of the combined lanthionine by such 
a treatment. Moreover, KCN is also known to im 
part set to the treated fibers. This is explained by 
the stability of the formed C—S—C linkages, which 
is greater than that of the original disulfide bonds 


[4]. 


the fibers treated accordingly do not give a positive 


In seeming agreement with such explanations, 


NP test in aqueous medium 


Research on the —SS-—- and —-SH groups in pro 
teins has proved that they are more reactive in 
denatured proteins or in media containing denatur- 
ing agents. In relation to wool, this principle was 
first applied by Ramsden’ [15], who claimed that 
after the treatment with saturated urea solution at 
100°C for 10 min., or after treating it with saturated 
KCN 
ordinary temperature and subsequent removal of the 


urea solution containing 1% for 10 min. at 


reagents by washing, a positive NP reaction is ob- 


tained, described as an “intensely pink colouration.” 


These and other statements made by Ramsden 


could not be confirmed on repeating the experiments, 


but it was found that if the time of the latter treat- 
ment was extended sufficiently and the NP added to 
the urea solution at the end, an intense coloration 
could then be obtained. 

This finding suggests that the appearance of the 
coloration depends upon the velocity of several simul 
taneous 


processes—namely, the generation of the 


SH groups, which, in turn, react to form the 


colored compound, and the subsequent decompost- 
tion of the colored compound. Under favorable con 
ditions, the formation of the color appears to be the 
fastest process, taking place within a few seconds. 
In urea solution, the decomposition of the colored 


Fic. 3. The reaction of nitroprusside with wool in 
the presence of KCN and ammonia at about pH 10 
White tuft, no coloration in aqueous medium; red-violet 
tuft in guanidine hydrochloride solution. 


compound seems to proceed faster than the forma 
tion of —SH _ groups, and, as a result, no color ap 
pears when the NV is added at the beginning of the 
test or after a time that is too short to permit pro 
duction of enough combined cysteine 

The use of G- HCl [18] in place of urea improves 
the test considerably by increasing the rate of for 
mation of —SH groups, and thus making the color 
appear. In agreement with Greenstein’s findings, 
this shows that with wool,'too, the G-HC1 is a bet 
ter denaturing agent than urea, the intensity of 
coloration achieved being comparable to that of the 
usual V/ reaction with simple compounds. (See 
Figure 3.) 

By following the course of the reaction with re 
agent I under the microscope, one can see that the 
different 
fibers of the same species, irrespt ctive of the fiber 
\nother 
process is the large swelling of the fibers which ac 
companies the treatment with KCN in G:HClI solu 
tion; it reminds one of that caused by diluted sodium 


coloration appears at different times for 


diameter. characteristic feature of the 


sulfide solution | 27 | 

In Figure 1 the lateral swelling of fibers in solu 
tions of different reagents is plotted against time of 
treatment, the diameter in water being used as the 
reference. Water alone, adjusted with ammonia to 
pH 10.0, does not cause any significant increase in 
diameter. A saturated solution of G-HIC] at pH 
11%-13% 
a certain time is necessary to attain the equilibrium 


5.3 swells about more than water, but 
This behavior seems to be in agreement with 
the finding that G:- HCl 
at a neutral pH does not cause the breakdown of the 
\t pH 9.8 a slow 


hut gradual increase in diameter of fibers takes place 


value. 
a concentrated solution of 
disulfide linkages in proteins [7]. 


over that at pH] 5.3, meaning that some of the com 
bined cystine is being split \s in 
the release of —SH 


urea solution, 


groups under these conditions 
is too slow to form the color upon addition of NP at 
the beginning \ much more pronounced effect of 
disulfide bond breakdown and swelling is brought 
solution of 14 KCN in saturated 
G° HCI at a pH of 10.0, which corresponds closely 


to the composition and pH of reagent | 


about by the 


Detection of SH 


Groups 


Generally, treated wool contains both —SH and 
SS— groups, and the detection of the first in the 
presence of the latter, therefore, sets up certain re 


quirements to the reagent in use-—t.e., it should not 
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cause the breakdown of disulfide linkages or forma- 
tion of additional sulfhydryl groups. On the other 
hand, the NP test requires an alkaline medium and 
should be performed in G-HC1 solution. Such con- 
ditions are likely to result in some interference. 
The reconciliation of these contradictory require- 
ments was found possible by means of reagent IT. 
The use of NP in G-HCI solution at pH 9.8 as a 
reagent for preformed —-SH seems to be 
justified by the facts that the formation of sulfhydryl 
groups by it is slow, as can be seen by comparing the 
swelling curve for this treatment with that for 1% 
KCN in G-HClI solution (Figure 1), and that a 
simultaneous addition of NP fails to produce any 
coloration in fibers containing original or re-formed 
disulfide bonds. 


groups 


Moreover, the appearance or dis- 


appearance of coloration of treated and = swollen 
from 
Usually 
1.é., in a time 


too short for reagent II to cause any significant 


keratin fibers on transferring the sample 
G-HCI to water or back is a fast process. 


it takes place in a fraction of a minute 


hydrolysis of the combined cystine and to interfere 
with the test. 
desired, a sample that-has been preswollen in neutral 
G:HCI solution should be used. 


Consequently, if careful testing is 


For the formation of —-SH groups in keratin, the 


following reactions were used: 


(1) R—SS—R + NaHSO; — 


R—SH + NaO;S—S—R 
R + NaOH — 
R—SNa + HO—S—R 
_. inG-HCl 
(3) SS—R+KCN —— R 


solution 


[12] 
(2) —SS 
[3] 


SK+NCS—R 


65° or 
KCN — 
100°C 
R—CH.—S—CH.—R + KSCN [3] 
R—SS—R + 2 HSCH»2COONH, —> 
2 R—SH + (SCH.COONH,)> 


R—CH.—SS—CH.—R 4 


Under the conditions of experiment, reactions (7) 
and (2) have been reported to affect about half or 
less of all of the combined cystine of wool, and re- 
action (4) to take place almost quantitatively. The 
remaining reactions, (3) and (5), may also be ex- 
pected to go more or less to completion. 
Surprisingly enough, the —SH groups of the 
treated fibers, except in one instance, gave a nega- 
tive NP test in water at pH 10.0, producing only a 
weak coloration just after the removal of the excess 


TEXTILE RESEARCH JOURNAL 


reagent which caused the breakdown of the disulfide 
group. This was the case with reactions (7), (2), 
and (3), whereas keratin reduced with thioglycol- 
late gave a positive test. However, all of the modi- 
fied keratins, including the so-called “lanthionine- 
wool,” produced according to reaction (4), did give 
a positive test in G+ HCI solution. 

A more detailed examination of the behavior of 
fibers reduced with thioglycollate disclosed that this 
treatment produces —SH groups that differ in their 
reactivities. It is to be assumed that, after the 
thorough removal of thioglycollic acid, an appreciable 
re-formation of —SS— groups takes place within 
the fibers, but, even then, some of the remaining 

SH groups react with NP in aqueous medium. 
After the fading of the color caused by these sulf- 
hydryl groups, the rest of the —SH groups could be 
brought to react with NP by transferring the sam- 
ple to G- HCl solution. 

In addition, it was observed that the —SH groups 
that were reactive in water at pH 10.0 were also 
more easily subject to atmospheric oxidation, while 
those that were reactive in G-HCl1 solution 
found to be comparatively stable. 


were 
In fibers kept in 
the air-dry state, especially those treated according 
to reactions (1), (4), and (5), some - 
were detectable 


SH groups 


several months after the prepa- 
ration, 

These findings as to the different reactivities of 

SH groups in wool are in accordance with the be- 
havior of the same groups in other proteins [2], and 
also resemble the different reactivities of disulfide 
sulfur as found by Phillips et al. and Alexander et al. 
[1]. 
count for these properties, but the true causes are 
still unknown. 


There have been several explanations to ac- 


The changes in the diameter of the fiber during 
the reaction seem to indicate that the state of swell 
ing of keratin, as determined by the dimensions of 


the fiber, has no direct influence on the reactivity 


of sulfhydryl sulfur. In Figure 2 it is seen that the 
fiber treated with 1% KCN in G-HC1 solution for 
13 min., and washed subsequently for 5 min., was 
swollen to about 80% in water at pH 10.0, while the 
fiber treated with thioglycollate for 30 min., and 
washed for 5 min., swelled only 209%—40%. Under 
actual conditions of the NP test, the difference in 
swelling may well be even larger. Nevertheless, a 
fraction of —SH groups of the thioglycollate-treated 
fibers reacts with NP in aqueous medium, but none 
of the KCN-treated fibers does so. 
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Chese two treatments differ in that the thioglycol- 


late produces two —SH groups per —SS— linkage, 
It ap 


pears, therefore, that the reactivity of some of the 


while the other reagents produce only one. 


sulfhydryl groups depends upon the mode of their 
formation. This deduction may imply, among other 
things, that the complementary introduced groups 
like NCS—R, HOS-—R, ete 
reactive groups of proteins, like the guanidyl grou, 
[19], might influence the reactivity. 


, and perhaps also some 


The action of 
G:HC1 could then be explained as a breakdown of 
hydrogen or other types of bonds of low energy 
content between such groups. The system cysteine 
and acetaldehyde may serve as a model exhibiting 
similar behavior [25], where the reactivity of the 
NP is addi 


tion of both ammonia and G-HC1] 


SH) groups towards restored upon 
\nother possibility is that the reactivity of formed 
SH groups depends upon the radicals in R—-SS 

R’, and the latter, if not equivalent, may cause the 

cation, as well as the anion, of the splitting agent 

to react with a definite sulfur atom of the disulfide 
link. Also, the observation that the coloration given 
by cysteine with N/ is much stronger in G-HICI 
solution than in water may have some bearing on the 
interpretation of these properties of SH groups 
The finding that lanthionine-wool, prepared ac 
cording to reaction (4), gives a positive VIP test 
contradiction with the conclusions of 


is in direct 


Cuthbertson and Phillips. These authors were un 
able to find any appreciable amount of sulfhydry!] 
sulfur in the acid hydrolyzate of lanthionine-wool 
and, therefore, postulated a conversion of combined 
cystine into lanthionine on treatment with 0.65% 
10° KCN 100-C, re 
spectively, despite the fact that their analyses showed 


and solutions at 66° and 
some disulfide sulfur present 

The positive result for the NP test given by 
lanthionine-wool in G+HC1 solution just after prepa 
ration points to the existence of —-SH groups in it, 
and this casts considerable doubt as to the suggested 
almost quantitative nature of the formation of lan 
thionine under the conditions used by Phillips ef al 
as well as to the applicability of acid hydrolysis for 
the purpose of analysis in this case. In addition, 


the formation of the C—S-—C linkages has often 
been suggested to explain the set imparted to treated 
fibers. It seems, therefore, that relatively few cross 
links of this type are needed to stabilize the struc 
ture, if the formation of combined lanthionine prior 


to acid hydrolysis is assumed, or that the set is 
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taking 


y different 
time of KCN treatment, or both. 


caused by processes place at the 

NP is known to be a reagent capable of giving 
color reactions with many different compounds | 5}, 
and the observations reported here are of some value 
only if the specificity of the reagent toward the —SH| 
group is taken for granted under the conditions ot 
test For proteins in general these aspects ol the 
NP reaction have by Greenstein 
and Edsall [9] 


sions, the following facts support their assumption o| 


been ce msidered 


In agreement with their conclu 


specificity also in the case of keratin: (7) A positive 
test is given by wool treated with reagents which are 
known to split the disulfide linkage and produces 
(2) Air oxidation of the SH 
groups reverses the test. (3) Blocking of the —SH 
groups by heavy-metal ions, like \g 


SH groups. 


and Hy, render 


\ 


the test negative. Removal of metal by KCN makes 


the test positive again 
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The Determination of Microcrystallite Size by the 
Small-Angle X-Ray Technique in Rayons* 
A. N. J. Heynt 


School of Textiles, The Clemson 


Agricultural College, Clemson, South Carolina 


Abstract 


The seattering of x-rays at small angles by various rayons of high orientation was investi 


gated at various degrees of swelling. 


The occurrence of inflection points or maxima-minima in the 


scattering curves of these 


fibers at certain degrees of swelling is explained by interparticle interference in the densely 


packed condition 


The experimental! conditions necessary for a reliable determination of particle size (diameter 
of microcrystallites) for these fibers are derived from the results obtained, and particle sizes 


determined by this method are given. 


Introduction 


The results of a systematic study of x-ray scat- 
tering at small angles by various fibers have been 


reported previously |3 Ol; a method was described 


for the determination of particle (microcrystallite ) 


size in these materials. 
Phe principle of this method is based on the fol 
lowing considerations and findings. In fibers in nor 


mal condition, the scattering particles (microcrystal 


* This paper was given at the 124th National Meeting ot 
the American Chemical Society in Chicago, Ill, Sept. 9, 
1953, and at a meeting of the Fiber Society in Lowell, Mass., 
Sept. 10, 1953. 


+ Professor of Natural and Synthetic Fibers 


lites) are so closely packed together that the scatter- 
ing from the individual particles is not independent ; 
the radiation scattered by neighboring particles in- 
terferes. The calculation of particle size from the 
scattered intensity by simple formulas is not feasible 
under such conditions since these formulas pertain 
to cases of independent particle scattering. 

The scattering by fibers in the swollen condition 
was found to be completely different from that by 
the dry fiber because of having a larger over-all in 


tensity and covering a wider angle. (‘These findings 


have been confirmed by others [2, 7].) This differ- 
ence was explained by the lower extent of inter 


particle interference, which is to be expected in the 
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swollen material because the particles are further 
apart. 

In the above method the complications caused by 
interparticle interference were obviated by investi 
gating the fiber in a condition of 
From. the 


high swelling 
~ s 


distribution of intensity observed with 
such material, the size of the particles can be cal 
culated |6]. 

The present paper deals particularly with rayons 
and is a continuation of earlier observations, using 
a more refined technique. The scattering at differ 
ent degrees of swelling and the stages between the 
dry and fully swollen state are studied in greater de 
tail. The results are of particular interest in that 
they provide a deeper insight into the fundamental 
problem of x-ray scattering and interparticle inter- 
ference in these materials (for example, the occur 


rence of maxima and minima observed in some of 


Fic. 1. 


rayon, A 


Small-angle «x-ray 
Fiber in the dry 
swollen in water. C 


lortisan 
state. B and B’—Fiber 
Fiber swollen beyoud the wate 


scattertng by 


swollen state. Note limited scattering area in A; large 
area and presence of a maximum in ©. Original size 
distance from sample to film Left side of C 


picture of primary beam before and during exposure 


20 cm 


783 


/ 


the scattering curves) and with regard to the experi 
mental conditions to be followed for a reliable detet 


mination of microcrystallite size in these fibers 


Technique and Material 


The technique consists in the use of a highly 


monochromatized tine beam obtained with bent 


quartz crystals In the present study two curved 


crystals were used to produce a beam of highest 


quality (see Figure 1C). Copper K, radiation was 


used. The distance from sample to film was 20 ¢m 


The materials used for this investigation were 


two ravons of a high degree of orientation, Fortisan 


(courtesy of Celanese Corporation of America) and 


Fiber G. a normal tire-cord yarn, Cordura, and a 


new, recently developed tire-cord yarn, Super Cor 


dura * (the three last fibers, courtesy of I. | 

The author is indebted to Dr. A. G 
K. ©. Bass of the DuPont Company for enabling him to in 
vestigate this fiber at an early date so that the 


he added to this communication 


Scroggie and Dt 


results could 





' 2 3 a 5 
hic. 2.) Distribution of intensity in small-angle scat 
tering by Fortisan \ B and 


A) wol 


liber m the dry state 

state ( hibey 
lbscissa 
whicl 


B’—liber in the water-swollen 
vond the water-swollen state 
1/100 radians). Ordinate: densit 


( proportional to) the intensity 


en be angle (in 


is linear with 
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duPont de Nemours & Co.) 


selected because of their high orientation, which al 


These rayons were 


lows the simplest mathematical evaluation. 


The 
photographically, and the density along the equator 
Calibra 


tion curves show that, within the limits of density 


scattering of the radiation was recorded 


was measured with a microdensitometer. 
in question, the density was completely linear pro- 
The 


measurements result in scattering curves as given in 


portional to the exposure and x-ray intensity. 
Figures 2, 4, and 6. For the determination of par- 
ticle size, other curves were prepared in which log 
intensity is plotted against the square of the scatter- 
ing angle, as in Figure & If a straight line is ob 
tained and when certain conditions are fulfilled (to 
he discussed below) the particle size can be calcu- 
lated from the slope of the latter curves, following 
the procedure of Guinier |1 | 


oe 


hic. 3. Smail-angle x-ray 
rayon, A—Fiber in the dry state. 
swollen in water. 
swollen state. 
film = 20 cm 


scattering by Fiber G 
B and B’—Fibei 
C—Fiber swollen beyond the water 
Original size; distance from sample to 
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Mathematical Evaluation 
The materials studied consist of a system of elon 
gated cellulose crystallites with a very high degree of 
The scattered 
intensity by a system of parallel cylindrical rods * 


orientation parallel to the fiber axis. 


of infinite lengths (as compared to their diameters ), 
and which scatter independently, is expressed by a 
Bessel function (J): 
co . Ne 2Ji(RR) |? 
Se kR 


function can be approximated, 


(1) 


This 
Guinier, by 
of {6} > 


following 


an exponential function (formula > 


*If the particles are 
multiplied by 4v2 will 


not cylindrical, the value obtained 
(with 
the length direction of the crystallite as axis) of the particle 
in question 


give the radius of gyration 


I 


20 





ic. 4. Distribution of intensity in small-angle scat 
tering by Fiber G rayon. A—Fiber in the dry state 
B—Fiber swollen in water. B’—Vliber swollen slightly 
beyond the water-swollen state. C—Fiber swollen be 
yond the water-swollen state Coordinates are the 
same as in Figure 2 
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where /. is the scattered intensity, /, is the intensity 
diffracted by one electron, N is the number of elec 
trons of all particles, R is the radius of the particle, 
« is the scattering angle, and k = 22e/A. This ex 
ponential formula allows the easiest determination 
of particle size. When the logarithm of the intensity 
is plotted against the square of the scattering angle, 
the particle size may be obtained from the slope of 
this curve. This approximation is only permissable, 
however, if the particles scatter independently and 
have uniform size and if the scattering angles are 
small. Under these presumptions a straight curve 
can be expected, 

If there is particle interference, another function 
representing the distribution of particles has to be 
formula, and 


introduced into: the 


the logarithmic 
curve usually will not be a straight line. It is not 
possible in this case to determine the particle siz 
above for inde 


by applving the simple. formulas 


pendent scattering 


ap | | 


Pic. 5. 
rayon. A 
water. C 


Small-angle x-ray scattering by 
Fiber in the dry state. B—Fiber s 

and ( Fiber swollen beyond the wate? 
swollen state, in increasing degrees. 


Cordura 


swollen in 


Original size; dis 
tance from sample to film = 20 cm 


Experimental Data 
Figure 1 is a reproduction at original size of small 
1 
I 


ang Fortisan 1 is the 


s 


scattering pattern of the fiber in the dry state, 


e scattering patterns by 
Band 
hh’ of the same fiber when swollen in water 
and C of the 
beyond the normal 


(water 


wet state same fiber when swollen 


water-swollen state The pro 


portions of average diameter of fibers in 1, B, and 


C are about 35-45 to 5—-5$§ to 6 Phe higher ce 


grees of swelling were obtained by treating the tibet 
with solutions of alkali below 


for a very short tim 


11% 


ing is still of 


concentration. With this treatment, the swell 


a purely intermicellar nature. The 


exposures in 1, B, and C are the same 


It is seen from the patterns in Figure 1 that the 


scattering by the tiber in the dry state, 4, 1s limited 


to a narrow angular distance from the center, 


whereas the swollen fibers show a wider distribution 


of intensity. The intensity in PB further 


Passe . 


through a maximum and minimum (this maximum 


Distribution of intensity in small-angle scat 
Cordura rayon A—lIiber in the dry 
B—Tliber swollen in water and ¢ liber 


he youd thre creasig di Grees 


ferimg b stati 


swollen 
vdaler-sTWo 


Coordinates are thi in igure 
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has also been observed, but not explained, by others 
{2]). 


distinct maximum and minimum as in &, and the 


The intensity in C does not pass through a 


overall intensity is considerably higher than in B 
and A. 

The exact distribution of intensities is given by the 
curves of Figure 2, from which it is seen that the 
state, B, 
has almost completely disappeared with the fiber 


maximum observed in the water-swollen 


swollen beyond the water-swollen state, C. Inter 
mediate curves between curves B and C were ob 
tained with material of intermediate degrees of swell 
ing. Maxima or inflection points may be found with 
materials in almost any condition between the dry 
and fully swollen. state. 

The results obtained with Fiber G investigated 
under the same three conditions of swelling as above 
are illustrated in Figures 3 and 4. In the water 
swollen state, B, there is a faint maximum-minimum ; 
this is completely absent when the fiber is swollen 
beyond the water-swollen state, C. 

The results with Cordura tire cord are illustrated 
in Figures 5 and 6. No maximum or minimum or 
clear inflection point is observed here in any of the 
three conditions investigated, but the three scatter- 
ing curves are still distinctly different, as seen from 
Figure 6. With Super Cordura, the scattering 
curves of Figure 7 were obtained. 


Discussion of Scattering Curves 


The various shapes of the scattering curves pre- 


sented herein can be fully explained on the basis of 


The 


interparticle interference. occurrence of a 
mMaxinum-minimum or inflection point for scattering 
by densely packed materials in general can be pre 
dicted mathematically * on this basis. 
different 


swelling support this explanation. 


The present 


experiments with fibers of degrees of 
The experimental 
findings that the place and shape of the inflection 
point vary with the degree of swelling, and that the 


maximum can even completely disappear when the 


* Reference is made to the model experiments on the scat 
tering of visible light for the explanation of the wide-angle 
seattering by the molecules in a fluid (Prins, J. A., Die 
Molekulanordnung in Flissigkeiten und die damit zusam- 
menhingenden Beugungserscheinungen, Naturwiss. 21, 435 
(1931)). From the results obtained in the present paper, it 
may be concluded that the phenomenon of scattering and in- 
terference of x-rays at small angles by the microcrystallites 
in fibers may be compared, in general, with the scattering at 
wide angles by the molecules in a fluid, the molecules in the 
fluid being substituted by the microcrystallites of the fiber 
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Fic. 7. Distribution of intensity in small-angle scat 
tering by Super Cordura. A—Fiber in the dry state. 
B—Fiber in the water-swollen state. C—Fiber swollen 
beyond the water-swollen state. Coordinates are the 
same as in Figure 2. 


swelling is increased beyond the water-swollen state, 
are in accordance with the theory that the inflection 
point found in the denser states must be ascribed 
to particle interference. ‘The higher the degree of 
swelling, the lower the influence of particle interfer 
ence and the less pronounced the maximum; in the 
“ideally” swollen state, particle interference no 
longer plays a part, and the bell-shaped, single-par- 
ticle curve is obtained (further swelling will not 
affect the shape of the curve). 

The 


Fortisan and 


presence of a maximum in the curves of 


Fiber G and the absence of such a 


maximum in the curves of Cordura in the water- 
swollen state indicate a closer packing (in this state) 
of the microcrystallites in the first two fibers as com- 
pared to the latter one. 

An interesting detail observed in many of the 
curves is an undulation at the end of the curve near 
the abscissa. This may be expected on the basis of 


theory (since the scattering is actually expressed by 
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15. 1o-* € 


75 10 


Kic. 8. Log intensity plotted against square of scat 
tering angle. \-—-Fiber G swollen beyond the wate) 
swollen state; slope — 822. \1—Cordura swollen beyond 
the water-swollen state; slope — 859. II’ 
water 1}1i—Super Cordura swollen in 
- 589.8. Ordinate 


Same am 
slope 


squal c o} 


water, 


log intensity. lbscissa 


scattering angle. 
a Bessel function), and indicates a high uniformity 
of particle size.t 


Determination of Particle Size 


With regard to the determination of particle size 
from log I versus & curves of the swollen fiber, it 
was found that rayons usually require a more par- 
ticular technique than natural fibers, for example. 
It will be clear from the above that applying a suf- 
ficient degree of swelling is essential and that swell 
ing beyond the water-swollen state is usually neces 
sary for the successful determination of particle size 
in these fibers with the small-angle technique (curves 
of type C). With ordinary rayons, moreover, an 
additional experimental condition may be required, 
which will not be further discussed here. 

If rayons are investigated under suitable experi 
mental conditions, however, straight log / versus « 

+ Unless the particles are very uniform in size, the sum 
mation of slightly different curves from individual particles 
will obscure this detail 


curves can usually be obtained, which allow the de 


termination of particle size. Such curves are 


given 
in Figure & for the fibers studied here. The diame 
ters calculated from the slopes by using formula (2 
Fortisan, 45.9 \ 


Cordura, $3.5 ae 


) 
(formula > of [6] ) are as follows 
Fiber G, 40.6 A; 
dura, 36.6 \ 


and Super Cor 


With Super Cordura an almost straight curve is 
obtained in the water-swollen. state (Figure 8, curve 


further apart in this rayon (at least in the water 


Vhis means that the microcrystallites must be 


than in any of the other 


lhe 


more like that of the natural fibers 


swollen state ) rayons 


studied here structure of this fiber must be 


that it would 
cactly the 
distribution function of the scattering particles from 


It may be mentioned in conclu-ion 


further be 


possible to determine radial 


the location of the maximum and minimum in scat 


tering curves of type B, when the single-particle 


* 


curve is known 
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Force-Temperature Behavior of Nylon Filaments 
at Fixed Extensions* 


George M. Bryant? 


Textile Research Institute and Irick Chemical Laboratory, Princeton University, 


I’) ine eton, 


ew Jersey 


Abstract 


bv use of the thermodynamic 


equations for elasticity, force-temperature 


measurements on 


nylon filaments at fixed extensions in water have been related to the molecular mechanism of 


elasticity. Drawn fibers at low 
larger than the total force 
over a wider range of extensions 


extensions were found to have 


an entropy force component 


This effect was less pronounced in undrawn fibers, but persisted 
For undrawn nylon, a transition in the force-temperaturs 


behavior has been found which differs markedly from the second-order transition in rubber ; 


found below 
47°C for 5% 


rubberlike elasticity was 
transition temperature was ca 
extension 


rather than 
extension, and increased rapidly 


Both nylon 6-6 and nylon 6 were found to have the same force-temperature be 


above the transition 


The 


with increasing 


temperature. 


havior, except that the former showed evidence of impending glasslike elasticity near 0° ¢ 


Introduction 


Two extreme classes of elastic solids can be identi 
fied, depending upon the molecular mechanism ot 
elasticity. On the one hand, there are substances 
exhibiting glasslike elasticity, in which the restoring 
forces are due to distortions of bond distances and 
angles—1.e., mechanism. 


to an energy The region 


of elastic deformation in such substances is of the 
order of 1% or less. Glass, steel, and ionic crystals 
are examples of glasslike elastic solids. 

The other class of elastic solids is comprised of 
rubberlike substances, in which the restoring force 
upon stretching is due to the thermal motion of the 
molecular chains which tends to restore the ex- 
tended chains to the statistically preferred randomly 
coiled configuration—1.ec., the elasticity is due to an 


entropy mechanism. Rubberlike substances show 
reversible elasticity over extensions as high as sev 
eral hundred percent; Young’s modulus is much 
Rub- 
ber and thermally contracted collagen [11] are ex- 


amples of rubberlike elastic solids. 


lower for these than for glasslike materials. 


Viscoelastic materials, such as textile fibers, show 
elastic behavior intermediate between the two ex- 


treme classes mentioned above. It is the purpose 


This article is based upon a portion of a thesis to be 
Bryant in partial fulfillment of the 


submitted by George M 
requirements for the degree of 
Princeton University 


Doctor of Philosophy at 


+ Research Fellow of Textile Research Institute 


of the present paper to evaluate for nylon fibers the 
relative importance of the energy and entropy mech- 
anisms of elasticity, and to examine the effect of 
drawing on the relative contributions from these 
mechanisms. 

Katz |7| reviewed the thermodynamic equations 
of elasticity derived by Wiegand and Snyder [12] 
and modified by Elliott and Lippmann [3]. It was 
shown that if the product of force and incremental 
length change upon extension (f d/) represents the 
only work done when the material is extended uni- 
directionally, then 


f = (@E/Al)r » — T(dS/Al)r, p, 
and 


(AS/Al)r p (Of/0T), p, 


where /: is the internal energy, S is the entropy, T 
is the absolute temperature, and ? is the pressure. 
That is, 


f fr = fs, 3) 


where fx (dF /Al)r, p is the force component arts 
T (of 

The 
usual procedure is to determine the entropy force 


from equation (2) 


ing from an energy mechanism, and fs 
07), p is that from an entropy mechanism. 


by means of force-temperature 
ieasurements and to calculate the energy force from 
equation (3). 

Katz pointed out that the total force should be re 
solved into entropy and enthalpy, rather than energy, 
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components in cases where the volume change with 
stretching is not zero, and extended the thermo- 
dynamic treatment to include two-component sys- 
tems. The work described in the present paper was 
carried out with the two-component nylon-water 
system ; however, because of the lack of experimental 
data on the effect of temperature on swelling, use has 
not been made of Katz's refinement. 

Rubber and rubberlike elastomers are character 
ized by their positive force-temperature coefficient, 
(Of dT) p,) over most extensions. 
2), a positive force-temperature coefficient indi- 
cates negative entropy of stretching—i.e. 


From equation 


the mate- 
rial becomes more ordered with stretching. On the 
other hand, if an increase of entropy occurs with 
stretching, the force should decrease with increasing 
temperature. This effect was observed on keratin 
fibers by Bull [2] and Woods |14], whose findings 
have been interpreted in terms of the a—8 unfolding. 
This interpretation 
Meyer and coworkers |9}. 


was recently questioned by 

The force-temperature curve is often observed to 
be nonlinear, and the nonlinearity may indicate a 
changing mechanism of elasticity. In_ particular, 
transitions of the second order are sometimes found, 
as evidenced by discontinuities in the first derivative 
of the force-temperature curve. Witte and Anthony 
[13] found that for rubber, the second-order transi 
tion in the force-temperature behavior occurs near 
the second-order transition in the volume-tempera- 
ture relation. At temperatures below the second- 
order transition in the force-temperature curve, glass- 
like elasticity is found, and rubberlike elasticity is ob- 
served only at higher temperatures. 

A previous study of nylon elasticity by the force- 
temperature method was made by Woods [14]. Be- 
low about 4% extension, the entropy force was found 
to be greater than the total force—i.ec., the energy 
force was negative, tending to aid rather than hinder 
extension of the fiber. 
tive above 4% 


The energy force was posi- 
extension, and became dominant at 


higher extensions. Woods made no mention of the 


type of nylon or of the draw ratio of his samples. 


Gerrow [4] reported a positive force-temperature 
coefficient for nylon, confirming Woods’ result, but 
was not able to obtain the reversible measurements 
necessary for quantitative interpretation. A 
tive 


nega- 


energy force component with 


casein by Woods [14], and with acetylated casein 
by Hoover, Kokes, and Peterson [6] (cf. [15]). 


was observed 
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The present investigation was undertaken in order 
to determine the effects of draw ratio and nylon type 
on the elastic behavior. The range of temperatures 
covered was wider than in previous investigations, 
so that the shapes of the force-temperature curves 
could be determined and possible transitions studied. 


Experimental Procedure 


As Meyer and Ferri [8] first pointed out, a re 
laxation period at the highest temperature to be em 
ployed is necessary before a reversible force-tem 
perature cycle can be obtained. In the present study, 
it has been found that a relaxation period of from 
2 to 3 hrs. at the highest temperature is sufficient to 
allow a reversible force-temperature cycle to be run 
in from 20 to 30 min. The data reported in this 
paper are equilibrium values, and transient effects 
observed when the temperature was changed will 
not be discussed. The shape of the force-temperature 
curves was determined by taking ten or more points 
at each extension 

Single filaments were held between two clamps 
and extended in distilled 
Tensile Tester [5]. 


water with the Instron 
Force was then recorded con 
tinuously while the fiber was held at fixed extension. 
Temperatures were measured to + 0.5°C by means 
of an iron-constantan thermocouple placed next to 
the fiber. A two-pen Speedomax recorder permitted 


simultaneous plotting of force and temperature 


against time. The temperature of the water sur 
rounding the fiber could be varied from 7°C to 
80°C by adjusting the relative rates of flow from 
hot and cold water reservoirs. The clamps between 
which the filaments were mounted were constructed 
of Nilvar (low-expansion alloy) to minimize the in 
fluence of thermal expansion. Filament lengths of 
from 8 to 10 in. were used to reduce further the ef 
fect of thermal expansion in the apparatus and to 
make negligible the effect of load cell deflection. 
Initial filament lengths were measured under a ten 
the highest 


sion of 10 mg./den. at 


temperature 
employed. 


Forces could be recorded to 0.005 g. at low 
values of the force, but the precision was reduced to 


+ 0.01 


long-range zero drift in the load-measuring circuit, 


x. for forces larger than 1 g. There was a 
which caused some uncertainty in the actual load 


values (possibly as much as 5% at the highest ex 


tensions}. However, this drift was negligible over 


the time of the force-temperature cycles, so that the 
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TABLE I. Force Components OF 9-DEN. NYLON 6-6 
FILAMENT (Draw Ratio 4.0) CALCULATED 
FROM FIGURE 1 at 25°C 
Extension fora fs fr 
%) (g.) (g.) (g. 
0.050 1.72 — 1.67 
1.19 3.10 —1.91 
3.13 3.58 —0.45 
5.64 + 0.84 
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Fic. 3. Force-temperature relation of undrawn 33- 
den. nylon 6-6 at 5% extension for discrete and con- 
tinuous temperature changes. 


Force-temperature behavior of drawn 9-den. 
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magnitude of the force changes (and hence the slope 
and shape of the force-temperature curves) could be 
determined quite accurately. 


Results and Discussion 


Drawn Nylon 6-6 


The force-temperature behavior of drawn nylon 
6-6 (polyhexamethylene adipamide, draw ratio 4.0) 
is illustrated in Figure 1, where force/strain, which 
is equal to secant modulus X area X 10°, is plotted 
against temperature. This material is presumably 
similar to that employed by Woods [14], and the 
present results are essentially in agreement with his 
findings. A negative energy force component is 
found at extensions up through 10%, as shown in 


Table I. 


is found at extensions somewhat higher than re- 


The fact that a negative energy component 


ported by Woods may be due to differences in meth- 
ods of defining the initial fiber length and in the 
draw ratio of the samples employed. 

The curvature of the force-temperature curves at 


the lower temperatures and extensions in Figure 1 


suggests that a transition to glasslike behavior may 
occur near 07°C, 


Undrawn Nylon 6-6 


In Figure 2 is shown the force-temperature be- 
havior of undrawn nylon 6-6 at extensions up to 
39.5%. 
the maximum through which the force passes at low 
Figure 3 


The most striking feature of these curves is 


extensions. shows. the 


results obtained 
on undrawn nylon 6-6 at 5% extension for both dis- 
The 


latter were effected by allowing the water surround- 


crete and continuous temperature changes. 


ing the fiber to cool slowly to room temperature 
after the cycle with discrete temperature changes 
had been completed. From the changing slope of 
the force-temperature curves it seems likely that a 
maximum would be observed even at the higher ex 
tensions if the temperature range were larger.* 
The following mechanism is suggested for the 
force maximum. At temperatures higher than that 
corresponding to the maximum force, the thermal 
motion of the polymer chains is able to overcome 


interchain attractions, primarily hydrogen bonds, 


* Since the completion of this work, our attention has 
been called to the abstract of a recent Japanese paper [10] 
The abstract, although not explicit, seems to imply that a 
maximum in the force-temperature curve of nylon was 
found, similar to that reported in the present paper. 
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which at lower temperatures act as cross-links. 
Since the force to hold a chain network at a given 
extension is inversely proportional to the average 
molecular weight between cross-links, the effect is to 
decrease the force at the high temperatures. At 
large extensions, the interchain attractions will be 
stronger and may act cooperatively, so that the tem- 
perature corresponding to the force maximum oc 
curs at higher values 

The possibility should not be ignored that at least 
part of the decrease in force at higher temperatures 
may be due to the change in swelling of the fiber. 
above 40°-50°C might 
also lead to a force maximum such as that observed 


Reversible crystallization 


here; however, in that case the transition tempera- 


ture should be lowered, rather than increased, at 


higher extensions. 
The maximum in the force-temperature curve of 


undrawn nylon at 5% extension 


about 
47 C, which is the same temperature Boyer and 


occurs at 


Spencer [1] found from volume expansion measure 
ments for the second-order transition of nylon. Fig 
ures 2 and 3 that nylon at 


this temperature 1s quite different from that occur 


show the transition in 


ring at the second-order transition of rubber, for 
example. ‘Typical rubberlike force-tensperature be 
havior is found below the transition temperature in 
undrawn nylon, whereas in rubber, rubberlike elas 
ticity is observed above the transition temperature. 
At extensions below 5% (not shown in Figure 2) 


the temperature at the force maximum decreases, so 
that for an unstrained filament the transition tem 
perature may be 10°C or more below that reported 
by Boyer and Spencer. The plasticizing action of 
water would be expected to produce such a lowering 
of the transition temperature. 

Table Il gives the force components of undrawn 
nylon 6-6 calculated from equations (1) to (3) and 
Figure 2. The negative energy term is seen to per- 
sist over a much wider range of extensions in the 
undrawn nylon than in the drawn nylon. 

Figure 4 illustrates the change in the elastic be 


havior of nylon caused by drawing. In drawn fila 


ments the entropy term and the negative energy 


term are very much larger at low extensions than 


in undrawn filaments. (Although it is not indi 


separate experiments with un 
drawn nylon at 2% that 
fs/frota and fr/frotar are no larger than about 2.5 and 
- 1.5, respectively. ) 


cated in Figure 4, 


extension have shown 


However, the entropy force 
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decreases with increasing extension very rapidly in 


the case of the drawn fibers, and at extensions 


greater than about 7% becomes relatively less im 
portant than in the case of undrawn filaments 

The negative energy effect is believed to be due 
to the action of interchain hydrogen bonds which 
form cooperatively as the chains are straightened out 
upon extension. Formation of such bonds decreases 
the energy of the polymer system and _ effectively 
aids in extending the fiber. The regions of order 
produced by the formation of these interchain bonds 
are quite small, and would not be expected to be de 
tectable by x-rays. The large negative energy term 
observed in drawn nylon at low extensions suggests 
that the chains are already very nearly parallel and 
labile for the formation of interchain bonds.* Un 
drawn filaments are isotropic and would be expected 
to behave in a much more nearly ideal rubberlike 


Inanner, 


* Dr. Alexander 


Company has pointed out that drawn nylon in water at 80°¢ 


Brown of Carbide and Carbon Chemicals 
undergoes shrinkage, with which the pronounced negative 


energy effect may be associated 


rABLE Il Force COMPONENTS OF 33-DEN,. UNDRAWN 
NYLON 6-6 CALCULATED FROM Figure 2 ar 25°C 


Extension stall ‘ 
(%) x (g.) 


5 5 2 1.01 
10 2 0,99 
15 g 0.94 


s ? 0.14 
+ 0.54 


Relative energy and entropy force components 
of drawn and undrawn nylon 6-6 
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Nylon 6 


The same experiments described above were car- 
ried out on drawn and undrawn filaments of nylon 6 
(poly-e-aminocaprolactam ), and the results are es- 
sentially the same. The only significant difference 
is that with nylon 6 there was not observed the pro- 
nounced curvature in the force-temperature relation 
found with drawn nylon 6-6 at low extensions (see 
Figure 1). Since the melting point of nylon 6 is 
lower than that of nylon 6—6, the transition to glass- 
like behavior probably occurs at lower temperatures, 
and one therefore would not expect to detect any 
evidence of this transition in nylon 6 over the tem- 
perature range studied. 


Summary 


The force-temperature behavior of nylon at fixed 
extensions in water has been examined for drawn 
filaments over extensions 0 to 15%, and for un- 
The 


behavior of nylon 6-6 and nylon 6 was found to be 


drawn filaments over extensions 0 to 39.5%. 


the same, except that the former showed evidence of 
impending glasslike elasticity at the lowest tempera- 
ture studied. 

In both drawn and undrawn filaments, a negative 
energy is calculated 
from the thermodynamic equations, indicating the 


force over certain extensions 


presence of interchain bonding forces tending to aid 
in extension of the fiber. The negative energy effect 
is more pronounced at low extensions in drawn 
fibers than in undrawn fibers, and this is interpreted 
as meaning that more interchain bonds are formed 
as the fiber is stretched. However, the negative 
energy effect decreases rapidly with increasing ex- 
tension, and disappears at around 10% in drawn fila- 
ments; in undrawn filaments, the decrease in the 
negative energy force is more gradual, the effect per- 
sisting to around 30% extension. 

A transition has been found in the force-tempera- 
ture behavior of undrawn nylon, occurring for 5% 
extension at about 47°C and rising rapidly with in- 
creasing extension. This transition differs from the 


second-order transition in rubber in that rubberlike 
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elasticity is found below rather than above the transi- 
tion temperature. 
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The Effect of Draw Ratio and Temperature on 
Electrical Conduction in Nylon Filaments’ 


E. P. Sharman,}{ S. P. Hersh,{ and D. J. Montgomery ** 


Contribution from Textile Research Institute and Frick Chemical Laboratory, 
Princeton University, Princeton, New Jersey 


Abstract 


] 


In a study of electrical conduction in nylon as a function of draw ratio and temperature, it 


was found that the conductance depends upon washing history 


ing procedure was devised to 
The conductivity at 30°¢ 


drawing 


allow reproducible 
thus measured was 
to an extent greater than can be accounted for by the decreased moisture 
Upon decreasing the temperature from 45°C to 15°¢ 


shown to decrease 


Accordingly, a standard wash 
and comparable measurements to be made 
ratio 
regain produced by 


, the conductivities at constant 


with increasing draw 


regain of both drawn and undrawn nylon fell, the difference between the two diminishing and 


apparently disappearing at 15°C 


At none of the temperatures and regains studied could the 


temperature dependence be accounted for as a simple rate process 


A PREVIOUS PAPER [4| described apparatus 
and techniques for measuring the electrical resistance 
In that 
the variation of resistance with length, cross-sectional 
The 


present paper extends the study of fiber resistance to 


of fibers. work laws were established for 


area, and moisture content of several fibers. 


include variation with temperature and_ structure, 


the variables whose effects are most likely to shed 
The 


has been carried out with 6,6-nylon, in view of its 


light on the mechanism of conduction. work 


controlled composition and regular cross section, the 
existence of extensive collateral information on re- 
gain and density, and the availability of special sam- 
ples drawn from the same melt to six different 
extensions. 


Effect of Washing 

Effect of Washing on Conductivity 
When dealing with conduction in high-resistance 
materials, it is essential to specify the treatment used 


* Part of the material in this paper was presented at a 
meeting of The Fiber Society in New Apr 
22, 1953 

This article is based in part upon a dissertation to be sub 
mitted by S. P. Hersh in partial fufillment of the require 
ments for the degree of Doctor of Philosophy at Princeton 
University 

+ Mutual 
Institute 
England 

t Union Carbide 
Institute 

** Staff Member of Textile Research 
Michigan State College, 


Orleans, La., 


Textile Research 


Ltd., 


Scholar at 
Courtaulds 


Security 
Present 


Agency 
address Coventry, 
and Carbon Fellow of Textile Research 


Institute. Present 


address East Lansing, Mich. 


to remove possible contaminating substances. In 
the work reported by Hersh and Montgomery [4], 
the fibers were washed for three periods of 3 min 
each in changes of distilled water at room tempera- 
ture. Ordinarily the first washing resulted in a large 
fall in conductivity, and the two additional washings 
sufficed for attainment of an apparent terminal value. 
In the present work, in which bundles of 3,400 nylon 
fibers in parallel were used, it was observed that the 
concuctivity fell after washing at room temperature 
for periods up to 24 hrs., but the value rose slowly 
as the fibers remained in the test chamber to condi 
The 


be accelerated markedly by keeping the fibers in a 


tion at constant humidity. rate of rise could 
saturated atmosphere outside the test chamber. In 
another experiment wherein the fibers were soaked 
50°C and then conditioned 
and 30°C, 


the conductivity decreased by a factor of 10 or more, 


for 3 hrs. in water at 


back to the test conditions of 62% R.H 


but rose again when the fibers were left at fixed con- 
ditions. ‘To verify that this was not a spurious in 
strumental effect, four fiber samples each of draw 
ratios 1, 2, and 3 were treated as follows: two sam 
ples were subjected to the washing and conditioning 
cycle, and two were kept in the chamber as controls 
Figure 1 shows that for fibers of draw ratio 3, con 
ditioning brings the conductances of the treated and 
control samples to a common equilibrium value 
These effects of prolonged washing and conditioning 


were observed for all six draw ratios 
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Effect of Washing on Moisture Regain 


It was necessary to find out if the washing pro- 
cedure affects the moisture regain or only the con- 
ductivity at constant regain. For this purpose, a 


quartz-fiber spring balance was constructed. <A 
helical spring was made substantially according to 
the techniques described by Ernsberger and Drew 


[2]. 


enough to support a 0.5-g. fiber sample and sensi 


It was essential that the spring be strong 


tive enough to detect changes in regain which would 
account for the observed changes in electrical con- 
ductance. The dimensions of the spring chosen 


were as follows: 


0.037 cm. 
8S cm. 


Fiber diameter 
Length at zero load 
1.5 cm. 
Number of turns 60 
8.60 


Helix diameter 


Sensitivity cm./g. 

The spring was kept in a constant temperature 
and humidity chamber, and was hung from supports 
which were independent of the chamber. 
ture was controlled at 30 


‘Tempera- 
© 0.05°C by a mercury 
thermoregulator, and controlled humidity was ob- 
tained by trays of saturated cobalt chloride solution. 
The humidity was recorded by an Aminco Dunmore 
sensing element. Air was circulated by a small 
electric fan. 

The elongation of the spring was observed by a 
cathetometer reading to 0.001 cm. and reproducible 
to about 0.003 cm. 
on a point on the quartz hook on the axis of the 
helix. 


The cross hairs were focussed 


The load-extension curve between 0.45 and 


62%RH 


CONTROL 


Oe --0- 0 -- 


SAMPLE 
oO 


CONDUCTIVITY (arb. units) 


100% RH **62x%™~ 100% 
eee 
10 1S 20 
TIME (days) 


~ 62% 
+ 


porcine 





Fic. 1. Effect of washing history on the conductivity 


/ 


of nylon drawn 300% 
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0.55 g. obeyed Hooke’s law. Weighings were ac 


curate and reproducible to 0.0004 g., a sensitivity 
sufficient to reveal the changes in regain looked for 


in this work. Results obtained by weighing the 
same samples on an analytical balance were con 
sistent with the spring weighings, and in later work 
only the balance weighings were made. 

The effect of washing on weight is summarized in 


Table I. 


Conclusions 


Table | that 


undrawn nylon is different, presumably owing to the 


shows the behavior of drawn and 
presence of processing finish on the drawn yarn and 
the more open structure of the undrawn material. 
Nevertheless, there is no really significant change in 
regain for either material during the time the fibers 
are being conditioned at 100% R.H. This finding 
is confirmed by the figures in the last column of 
Table I], which show the regains for fibers that had 
been treated even more severely—by extraction with 
distilled water for 2 hrs. at 90 C before conditioning. 

Thus, during this conditioning period the con 
ductivity is rising, although the regain is not chang 
ing. 
such a significant role in the conduction process is in 
some way redistributing itself within the fiber. An 


One explanation is that the water which plays 


other explanation is that some conducting salt has 
been removed in the washing and that during condi- 
tioning other material diffuses to restore conducting 
paths. 


Effect of Draw Ratio on the Conductivity 
of Nylon 


Selection and Mounting of Specimens 


Once the effect of washing on the yarn was recog- 
nized, it was possible to investigate the effect of 


draw ratio on conduction. E. I. du Pont de Nemours 


TABLE I 


VARIATION OF WEIGHT OF NYLON 


FILAMENTS WITH WASHING* 


Undrawn Drawn 


Original weight of sample 

\fter washing 3 min. in 
water at 26°C 

\fter washing 18 hrs. in 
water at 26°C 


0.4723 g. 0.5059 ¢g. 


0.4729 0.5031 


0.4662 0.5021 
\fter conditioning 4 days 


at 100% R.H. 0.4668 0.5030 


* All weighings were made after conditioning for 24 hrs. at 
62% R.H. and 30°C 
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& Co., 
nylon yarn drawn from the same melt to 100%, 
200°, 300%, 400%, 500%. 
length. 


Inc., kindly supplied samples of 34-filament 


and 600°) of original 
Although microscope examination and vi 
that the 
varied from fiber to fiber and along the length of a 


broscope experiments showed diameter 
given fiber, average values of filament cross section 
were obtained by (7) weighing a known length of 


and (2) 


conditioned yarn, projecting magnified 
images of a large number of fibers on a ground-glass 
screen fitted with a graticule. The values agreed to 
about 5%, an accuracy well within that of the other 
observations. 

The samples used for resistance measurements 


3,400 


two 1.5 


consisted of essentially parallel filaments 


1.0 cm. 
0.005-in. shim brass, the length of fiber between the 


mounted between cm. tabs of 


tabs being 2.0 cm. These specimens were prepared 
by winding the yarn around a U-shaped template of 
shim brass until 100 parallel yarns were in place 
\ spot of Duco cement at each end where the yarns 
wrapped around the brass kept the fibers in position 
The base of the U 


filaments 


was then cut off, leaving 3,400 
tabs. To 
electrical contact between the fibers and the brass, 


mounted hetween the ensure 
the ends of the yarns were coated with conducting 
silver paint (Duco 4817). The reason for using 
such a large number of filaments was to average the 
individual filaments and to in- 
The 


use of a large number of filaments mounted in paral 


nonuniformities of 


crease the accuracy and speed of measurement. 


lel is justified by the results of Hersh and Mont 
gomery [4] and Hearle [3]. 


Resistance Measurements 


The circuit and apparatus used for these measure 
Hersh Mont 


\ total of 24 specimens, four samples 


ments have been described by and 


gomery [4] 


of each of the six draw -ratios, were prepared and 


rABLE IT. 


REGAIN OF DRAWN AND UNDRAWN NYLON 
AT 62% R.H. anv 30°C 


Observed regain 


After \fter 
washing extraction 
3: min. in 2 hrs. in 
Calculated water 


it 30°C 


water 


regain at 90°C 
Undrawn nylon 1.12 1.0% 1.0% 
Nvlon drawn 400% 3.9 3.7 3.7 
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washed to minimum conductivity in water at 50°C 
and then conditioned over water until an equilibrium 
value of conductivity was reached. This appeared 
to take 3 or 4 days at room temperature 


Results and Conclusions 


The results are given in Figure 2. Detailed ex 
amination of the data showed that, provided the 
specimens had undergone identical treatment, the 
ratio of their conductivities remained fairly con 
stant even though the absolute values varied with the 
nature of the soaking and conditioning treatments 
Even allowing for the uncertainty of the conductivity 
of undrawn nylon, where reproducibility was always 
less than for drawn specimens, it appears that the 
conductivity falls with increasing draw ratio, pos 
sibly reaching a minimum at a draw ratio of 5. 

It is necessary to see if these differences in con 
ductivity can be explained entirely by differences in 
moisture regain. Figures 3 and 4 are derived from 
the data of Speakman and Saville [6], as discussed 
later. The 
given in Table IT were obtained from these figures 
In order to test the validity of the these 


particular regains were measured directly by desic 


values of calculated equilibrium regain 
curves, 


cating the weighed conditioned fibers to constant 
weight over phosphorus pentoxide in vacuo and re 
Table 
Il. In view of the fact that the nylon had a different 


weighing. These results are also recorded in 
origin from that of Speakman and Saville, the agree 
ment in Table IT can be considered good 


The 


on the 


effect of the difference in moisture content 


conductance can be estimated by means of the 


3 4 
DRAW RATIC 


Variation of the conductivity 
draw ratio at 62% R.H 


of nylon with 
and 30° ( 
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approximate equation 
o= KM, 


where o is the conductivity, Mis the regain, and K 
and a are constants. Hersh and Montgomery [4] 
found that a has the approximate value of 9 for 
nylon at 30°C. With this value of a@ it can be cal- 
culated that the increase in conductivity between 
3.9% and 4.1% regain for nylon at 30°C should 
amount to about 50%, compared with about 300% 
found experimentally between the drawn and un- 
drawn specimens. Thus, it appears that the differ- 
ence in regain of the fibers is not sufficient to ac- 
count for the difference in conductivity between 
drawh and undrawn nylon. This conclusion is con- 
firmed by the conductivity versus temperature meas- 
urements described later. 


Effect of Temperature on the Conductivity 
of Drawn and Undrawn Nylon 


Experimental 


A study of the effect of temperature on conduc- 
tion would be expected to give some insight into 


the mechanism of the process. Temperature, con- 


ductivity, and regain are interdependent variables, 


and it is difficult to study directly the effects of tem- 
perature at constant regain. It is convenient, there- 
fore, to measure conductivity at fixed temperature 
and relative humidity, and to interpolate from sets 


of conductivity curves at constant temperature and 


UNDRAWN 
NYLON 


35¢ 


WATER V.P (mm 5) 


REGAIN (%) 


Fic. 3. Relation between water vapor pressure and 
regain for undrawn nylon at various temperatures. The 
curves for 6°, 15°, 30°, and 45°C are calculated. The 
curves for 25° and 35°C show the experimental points 
of Speakman and Saville |6]. 
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varying regain in order to find conductivity at con- 
stant regain and varying temperature. 

The temperatures selected were 6°C, 15°C, 25°C, 
35°C, and 45°C. 


by using a series of saturated salt solutions of differ- 


The humidities were controlled 
ent vapor pressures, The dependence of vapor pres- 
sure on temperature for these solutions was obtained 
from International Critical Tables. From the curves 
of vapor pressure versus regain in Figures 3 and 4, 
it is possible to relate regain to the temperature and 
nature of the saturated salt solutions. There is an 
abundance of published information on the equilib- 
rium relations between ambient 


water vapor pres 


sure and regain for nylon. Speakman and Saville 
|6| measured the regain against relative humidity at 
25°C so. Zo" 


stantially confirmed by Hutton and Gartside [5], 


and Their data at were sub- 
who used 1949 British Nylon Spinners’ nylon, and 
Abbott and Goodings [1], who used 1949 Canadian 
Industries’ nylon. This agreement between nylons 
of different origins has been our justification for re- 
lating the figures of Speakman and Saville on Brit- 
ish Nylon Spinners’ 1946 nylon to our own spect- 
mens of DuPont 1952 nylon. In Figure 4 the values 
obtained at 25°C by Hutton and Gartside and by 
Speakman and Saville are plotted on the same curve. 
The values of Abbott and Goodings at 21.1°C are 
compared with those of Speakman and Saville extra 
polated to the same temperature by the method re- 


ferred to below. 


WATER V.R (mm Hq) 


REGAIN (%) 

Fic. 4. Relation between water vapor pressure and 
regain for drawn nylon at various temperatures. The 
curves for 6°, 15°, 30°, and 45°C are calculated. The 
curves for 21.1°, 25°, and 35°C show experimental points 
as fo.lows: O, Speakman and Saville {6| (data extra- 
polated to 21.1°C); Hutton and Gartside [5]; 
Abbott and Goodings {1}. 





NoveMBER, 1953 

By use of the Othmer-plot method of Whitwell 
and Toner |7|, which involves only the assumption 
that the ratio of the heat of adsorption to the latent 
heat of evaporation of water is independent: of tem 
perature, it has been possible to construct curves fot 
is"... SVU 
and 45°C both for oriented and commercial (drawn 


vapor pressure versus regain at 0°C, 
nylon, as shown in Figures 3 and 4 The experi 
mental check RH 30°C 
in Table Il justification for 
pre cedure. 


made at 62%, and given 


increases the this 

The apparatus and experimental technique for 
measuring the resistance of the tiber assemblies were 
identical Hersh and Mont 
gomery [4], with the exception of minor differences 


with those deseribed by 


in the method of mounting the specimens 

The eight samples used were washed for 24 hrs 
in cold distilled water and then left to condition for 
24 hrs. in the chamber at the required humidity be 


tween each reading. Although this work was com 
pleted before the full) significance of the effect. of 
washing on conductivity was known, there seems to 
be ample justification for accepting the results, the 
grounds being as follows: 

(7) Our experiments on regain suggest that this 
quantity varies little with fiber history, and that 
Figures 3 and 4+ may be taken at face value 

) 


(2) Over the 


made, the fibers 


months that 


had 


to equilibrium, including conditioning at 97° KR. 


measurements were 


many opportunities to come 


REGAIN (Z DRY WEIGHT) 


3 4 


1S 2 
seman T T 


o DRAWN 
& UNDRAWN 


log (REGAIN) 


Variation of conductivity of drawn and undrawn 
nylon with regain at fixed temperature 
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(3) Cycling studies—t.e., changing humidity and 


temperature and returning to the same values—in 


variably gave results agreeing within the limits of 


reproducibility 
(4) The value ot 
1O0%, 


conductivity finally tound tor the 
drawn specimen after all the 


and 62°, R.H 


treatments and 


measured at 30° (¢ fitted the data of 


Figures 5 and 6 constructed from observations on 


different specimens 


Results 


At low 


conductance 


humidities and low 


temperatures where 


values are at their lowest, 1t is not pos 
sible to make measurements on single fibers; hence, 
The test 
samples consisted of 100 parallel 2-cm. yarns of 34 


LOO; 


multifiber assemblies were taken again 


filament nylon oriented , and 50 parallel yarn 


in the case of undrawn nylon In there 


In later experiments at higher 


each case 
were Tour specimens 


humidities, single-fiber specimens were used as a 


check against the assemblies \greement between 


] 


individual assemblies and single fibers was alway 


a factor of 2 and normally ; 


within within 25% The 


curves relating 


have been 


fo 4, oo 8 


regain to conductivity 


plotted for the temperature . 45 i. and 


45°C. For the purpose of assessing regain values, 


it has been assumed that Speakman and = Saville’s 
had been 100% \t 0° ¢ 

the lowest temperature that could be reached by the 
thermostatically 


“oniented”” nylon drawn 


controlled bath, the condue 


water 
TEMPERATURE(T) 
35 25 

at. a 


oO 
°o 


mho/cm) 





ONDUCTIVITY 


o DRAWN 


Cc 


& UNORAWN 


Kic. 6 lL ariation of conducti ol drawn and 


fixed 


mdarany 


nylon with temperat regam 
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tivities at the lowest humidities were at or beyond 
the limit of resolution of the circuit with its highest 


standard resistance of 10'? ohms. 


At higher humidi- 
ties the conductivity can be measured, but the vapor 
pressure versus regain curves of Figures 3 and 4 
are so flat that the regain is in considerable doubt. 
Kor these reasons the points obtained at 6°C have 
been omitted from Figure 5. 


Conclusions 


The following conclusions may be drawn from 
Figure 5 and the cross plot, Figure 6, relating 
log o to the reciprocal of absolute temperature at 
constant regain: 

(1) The log M versus log o plots are not linear 


and show that the commonly quoted relation 
o=K\Me 


is at best only a rough approximation applicable 
over small ranges of 7. The deviation from linear 
ity is greatest at low temperatures. 

(2) For given conditions of regain and tempera 
ture in the range 15°C to 45°C, drawn nylon has a 
than the 
This difference decreases with decreasing tempera 
Data at 


lower conductivity unoriented material. 
ture, and apparently disappears at 15°C 
lower temperatures are not available. 
(3) At no value of regain is the conduction a 
simple rate process, although it appears to approach 
such a process at the lowest regains studied. 

(/) The curves for log o versus 1/T are approxi 
mately parallel at all regains, suggesting that similar 
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factors are controlling the conduction process at re 


gains between 2% and 6%. 


(5) At regains near saturation the conductance 
of a nylon fiber approaches that of a cylinder of 
free water of volume equal to that of water adsorbed 
in the fiber and of length equal to that of the fiber. 
At low regain the conductance of the fiber is much 
lower than that of such a cylinder 
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Interfiber Pore-Size Distribution in Lint Cotton 
Evald L. Skau, Edith Honold, and William A. Boudreau 


Southern Regional Research Laboratory,* New Orleans, Loutstana 


Various physical properties of textile fabrics 
are related directly or indirectly to the void volume 
enclosed within the fabric boundaries and, in particu- 
lar, to the manner in which the total void is distrib- 
uted throughout the various pore sizes. Portrayals of 
such void distributions in textile materials have been 

* One of the laboratories of the Bureau of Agricultural 


and Industrial Chemistry, Agricultural Research Administra 
tion, U. S. Department of Agriculture 


accomplished [1, 4, 8] by the application of the mer 
cury-intrusion method, The basis of this method is 
the employment of external pressure to balance the 
forces of surface tension which prevent the entrance 
of the nonwetting liquid mercury into the pores; the 
pressure required just to exceed the opposing force 
is a measure of the size of the aperture [9|. 
Previous reports have shown the pore-size distri 
bution to be dependent upon such fabric characteristics 
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Kic. 1. Schematic drawing of the porometer 
displacement pump. C—Manifold. D-—-Sample 
(s—Scale, 1 cc. divisions. H—Scale, 0.01 cc. divisions 


as closeness or type of weave and state of material 
treated. 
That the distribution is likewise dependent upon the 


that is, dry or moist, and gray, scoured, or 
component fibers was revealed |4| by the comparison 
of two series of similarly constructed fabrics, one of 
which contained mature and the other extremely im 
mature cotton fibers ; the over-all average pore radius 
former series 


for each member of the was always 


larger than that of its immature companion. The 
same observation was made when the corresponding 
yarns were compared, The present report deals with 
a further study of the effects of fiber characteristics 


on pore-size distribution, and shows the volume 


pressure relationships in loose masses of cotton fibers. 


Apparatus and Procedure 


The experiments were performed in a commercially 
available porometer which permits the sample to be 
pressured over the pertinent range in one unbroken 
run and in a comparatively short time. Furthermore, 
since the volume of the sample chamber is determin 
0.005 ce., the 


able to bulk 


volume per 


[5] and 
chamber. 


auxiliary 


given by Purcell | 5 


gram of 


holde) B 


marks in channels. | Lucite 


Mercury 


commdows 


equipment. A 
I: Re erence 
C ompresston nut 


Sampli 


sample can be estimated at any pressure within the 
range. 

detailed deseription of the porometer has been 
only a brief « 


| ; therefore, \ plana 


tion of Figure 1 will be given here. Ina general way 


the equipment is divided into three parts: ./, a sam 
ple holder: 2, 


a manifold system 


a mercury displacement pump; and ¢ 
The sample chamber, D, 


ope Tis 


above and below into capillary channels, each of 
visible 
a lucite window, /. 
chamber, D, 


ple holder are 


which bears clearly mark, /:, as it passes 


through The sample is placed 
in the and the two portions of the sam 
means of the 


vasket 


forced together by com 


pression nut, A; the intervening makes the 
is drawn well be 


and the 


seal pressure tight. The mercury 


low the lower reference mark system is thor 


oughly evaculated at 10' mm. (of mercury) for 


several hours, perferably overnight. This procedure 
serves the dual purpose of removing air from the sys 
tem and of drying the sample. The mercury 1 
brought up to and carefully leveled at the lower ref 
mark; the scales G and // a 


the predetermined volume of the chamber. The 


erence re then set to read 


mer 
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cury is slowly raised through the chamber until visible 
in the upper window, and is accurately leveled at the 
upper reference mark. Before this and every succes- 
sive volume measurement, in order to hasten the ad- 
justment of the mercury level to its equilibrium posi 
tion, the rubber porometer rest is pounded repeatedly 
with a 


wooden mallet. 


The readings from. scales 
G and // are equal to the bulk volume of the sample 
at the start of the run, At this point, the pressure is 
taken to be equivalent to the head of the mercury be 
tween the upper reference mark and the mid-point of 
the sample, plus the pressure contributed by the 
capillary depression of the small-bore upper channel. 
Kor these fiber samples, the starting pressure is cal 
culated to be 1.385 p.s.i.a.* 

The vacuum pumps are isolated, and the pressure 
in the system 1s increased stepwise by bleeding small 
amounts of air into the low-pressure side of the mani- 
fold. With each increase in pressure more mercury 
is forced inte the spaces within the sample, as evi- 
denced by the recession of mercury from the upper 
reference mark. The volume of mercury thus enter- 
ing the sample boundaries is determined from the 
distance the piston must be advanced in order to re- 
level the mercury at the mark. During each pause 
in the run a reading of pressure is made on the small 
manometer. When atmospheric pressure is reached, 
the porometer connection is shifted to the high-pres- 
sure side of the manifold and the pressuring by in 
crements may be continued to 2,000 p.s.i. The pres 
sure readings up to 50 p.s.i. are made on the large 
manometer, and above 50 p.s.i. on the appropriate 
calibrated gage. For textile materials, a maximum 
gage pressure of 520 p.s.1. is considered adequate be- 
cause the filling of the void volume is approximately 
complete at this pressure and because the volume 
changes at higher pressures are of the same order 
of magnitude as the accuracy of a reading. 

A pressure-volume correction curve must be es 
tablished with only mercury in the chamber ; several 
blank runs are averaged in order to set up a repre- 
sentative correction curve, which should be checked 
periodically throughout the course of a series of ex- 
periments. The bulk volumes noted during the sam 
ple run are corrected by adding the volumes indicated 


on the correction curve at the corresponding pressures, 


The use of a lint cotton sample necessitates a slight 
chaage in procedure in order to prevent the prema 


ture passage of mereury through the body of the 


*p.s..a pounds per square inch, absolute 
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sample while filling the chamber. A length of polished 
0.64 cm., in 
0.44 cm.) is placed vertically beside the 
sample in the chamber and serves as a by-pass for the 


stainless steel tubing (outside diam. 
side diam. 


mercury, which is then able to surround the sample 
completely and to gain free access to the upper chan- 
nel. The chamber volume and the pressure-volume 
correction curve must, of course, be determined with 


the stainless steel tube in the chamber. 


Description of Cottons 
Six samples of cleaned native cotton fibers were in- 
vestigated. The cottons were of different cell size, 
of a maturity range from 96% to 34% , and of a weight 
(Table 1). 
and one large cell size of very high maturity count 


range from 8.0 to 2.4 pg. in. One small 
are represented, one medium and two small cell size 
of somewhat lower maturity count, and one medium 
\ttention is called to 
the fact that the two samples of medium cell size 


of very low niaturity count. 


(“Sike” and Deltapine ) were the component fibers of 
the closely woven fabrics discussed in the previous 
report [4]. 


Discussion of Results 


ach sample weighed approximately 2 g., and was 
packed into the lower portion of the chamber along 
with the stainless steel tube. Consequently, the ini 
tial degree of packing was approximately the same in 
all cases, or about 10.5 cc./g. At the starting pres- 
sure of 1.385 p.s.i.a., all pores with effective radii 
greater than 76» were filled; for cotton samples of 
varying characteristics, a variation in bulk volume at 
this point can be expected (Table 1). By the end of 
the run (536 p.s.ia.), the variation in bulk volume 
had again decreased to just a few percent. 

The corresponding void volumes are obtained, in 
each instance, by subtracting the volume occupied by 
1 g. of cotton—that 1s, 0.647 cc. based ona density of 
1.545 g./cc. [2]. Thus it can be shown that the 
residual volume at 536 p.s.i.a. is 0.39 to 0.1% of 
that volume enclosed by the sample at the starting 
pressure, 

The method of calculating the pore-size distribu 
tion curves has been adequately discussed in_ the 
literature [1, 4, 6, 8]; in this study, 475 dynes/em. 


and 140 


tension and contact angle of mercury with respect 


were used, respectively, for the surface 
to cotton. Each curve depicts the volume of mercury 
forced into 1 g. of sample for each increase in pres- 
sure which is equivalent to a decrease of 1 » in pore 
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PABLE I. SUMMARY oO} 


Sample designation 


Maturity 
(caustic) 


(%) 


Variety 


‘Sike”’ 

Seabury Sea Island 

Mesa Acala 

Hopi Acala 50 

Deltapine 

Iquitos 

Blend: 75°, Iquitos, 25‘ 
Hopi Acala 50 (by wt.) 


34 
78 
86 
Q4 
79 


medium 
small 
small 
small 
medium 
large 


mixed 95 


* Weight-fineness was determined on conditioned fibers by 
t The arealometer values were obtained by the usual techniques except in the case of the 


extreme weight-fineness 
smaller than usual specimen weight was used. 

t Calculated from values for samples 4 and 6 
radius. No correction could be made for the com 
pression factor [1,4] introduced by the nonrigidity of 
the pore system. It should be emphasized that the 


pore radius is calculated on the basis of circular pores 


and is not numerically equal to any definite dimension 


of the actual pores, which are seldom, if ever, cir 
cular. This calculated or effective radius is defined 
|4| as the radius of a hypothetical circular pore which 
would admit mercury at the same pressure as that 
required to force passage through an actual pore 
regardless of its cross-sectional configuration 

The distribution curve for each sample has a peak, 
ranging from a radius position of 18» for the rela- 
tively flat “Sike” to 38 » for the rounded Iquitos (see 
Table 1). The duplicate runs are in good agreement, 
and the pertinent portions of the average curves ob 
tained from two or three runs are plotted in Figure 
2. Curve 7 (broken line) portrays a sample which 
had been prepared by mixing Iquitos and Hopi Acala 
50 fibers, which are of equal maturity but of de 
Weight 
Hopi Acala 50 were 
thoroughly blended, and the distribution curve of 
The peak of the 
curve appears at a position about two-thirds of the 
distance between the Hopi Acala 50 and the Iquitos 


cidedly different weight-fineness propor 


tions of 75% Iquitos to 25% 


the resultant blend was determined. 


peaks. 
In general, the pore radii of all of the peaks are in 
The 


latter may be considered to be proportional to the 


the same order as the weight-fineness values. 


cross-sectional area of the fiber walls, but the weight 
fineness value gives no information concerning ma 
Ma- 
turity count, in a general way, may be regarded as the 


turity or, consequently, of cross-sectional shape. 


FIBER CHARACTERISTICS 


Descriptn 


, was beyond the normal scale of the instrument 


AND POROMETER DATA 


€ propertie 


Porometer data 


Specific Bulk volume 


area Etlective 
536 


Weight 


fineness* 


(areal 
ometer \t 
(mm.? 


radius 


p.s.1a p.s..a at peak 
y.) (ya) 
18 


i) 


(uy./in.) mm (ce 


2.4 


8 


9 97 
8.600 
9 57 
) 4? 
911 


8.06 


763 0.679 
0.008 
0.6056 
0.657 
0.660 
0.658 


567 
3.2 505 
3.8 411 
1.3 158 
8.0 303 
5} 6.95 330} 9.03 0.608 
Suter-Webb method 
“Sike, 


means of the 
which, because of its 


For this cotton a modified technique [7] with a 


degree to which the primary wall of the fiber is packed 


of the 
gradation from flattened toward rounded cross. sec 


with cellulosic material or the measurement 


tion \n approximately straight-line correlation. is 


found when the radi of the peaks, 1 plotted 


p «are 
against the products of the weight-fineness values and 


the maturity counts; thus the cross-sectional area 


and shape of the fibers presumably tend to determine 
the effective radius of the predominant pores within 
the fibrous masses 

The same two physical characteristics also deter 
mine the external surface 


of a given fiber sample 


therefore, the radius at the peak might be expected 


20 30 40 
EFFECTIVE PORE RADIUS, microns 


50 


Fic. 2 
the lint 
Island Ro 
Del 


Ine 


Peak positions of the distribution curves for 
samples 1I—“Sike.” 2—Seabury Sea 
Vesa feala t+—Hop leala 50 5 
Blend Oo} 75 
vetglhit) 


cotton 


fat ie a) 


Hop 


Iquitos 7 
Acala 50 (by 


Iquitos and 
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of the fibers. 
The peak radii were plotted directly against the 


to be a function of the specific area, 4, 


arealometer measurements, which had been made as 
usual on conditioned samples. The resulting curve 
was hyperbolic, and therefore a straight-line correla 
tion could be expected between the peak radii and 
the reciprocal of the specific areas. Such a correla 
tion is shown in Figure 3. This approximately linear 
relationship would also be anticipated on the basis of 
the assumption |[3| that the “effective mean pore 
radius,” r, of the pores within a plug of cotton is pro 
portional to V/A, 


where V’ is the volume of voids 


per unit volume of fiber substance. If r, is considered 
proportional to r and if I’ is constant, r, should be 
proportional to 1/1. 

The line shown in Figure 3 applies only for fiber 
samples which initially are packed into the chamber to 
about the same degree, 10.5 cc./g. An appreciable 
change in the packing results in a change in the peak 
position; for example, the peak position of a more 
tightly packed sample of Deltapine fibers, 5.9 cc... 
#4 Thus, if all the 


is located at 22 p 
samples were packed twice as tightly, a new correla- 


instead of 27 p. 
tion line would be expected which would be situated 
to the left of that shown in Figure 3. This dependence 
upon packing is further substantiated by a compari 
son of three pairs of curves delineating the pore-size 
distribution of the “Sike” and Deltapine cottons as 
lint cotton, as yarns, and as closely woven fabrics 


(Figure 4). The lint-cotton samples are packed to 


the same degree, the yarns are of the same yarn num 
ber (30/2), and the fabrics are of the same con 
struction (Oxford weave, 124 x 56). 
masses, the fibers may be considered to be completely 


In the fibrous 


randomized ; in the yarn samples, the fibers are aligned 
and in closer proximity to each other ; and in the fab- 


10 20 30 40 
EFFECTIVE PORE RADIUS AT PEAK, microns 


3. Effective pore radius at peak vs. the reciprocal 
of specific area (arealometer). 
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rics, the proximity is enhanced by the added factor 
of compression due to the closeness of the fabric 
weave. This succession is illustrated in Figure 4; 
the progression from fibrous masses to yarns to closely 
woven fabrics is accompanied by a decrease in the 
total void volumes per gram and by a reduction in 
The de- 


scending sequence is continued in two additional 


the pore radii corresponding to the peaks. 


pairs of comparable fabrics which are still more tightly 
woven (the curves [4] are not included in this graph). 
The degree of packing is approximately the same for 
the two types of fibers in each pair of curves, and the 
“Sike” in each instance maintains its lower position 
with respect to the Deltapine. 

Inklings of other factors influencing the profile of 
the distribution curve can be acquired by further 
analysis of the curve for the blended fibers, Iquitos 
The fact that the 
peak is approached smoothly from each side, with no 


and Hopi Acala 50 (curve 7). 
evidence of independent influence of the two com- 
ponent fibers, seems to indicate that the fiber Hopi 
\eala 50 fibers are dispersed uniformly throughout 
the sample mass and tend to diminish the size of the 
voids between the Iquitos fibers. If the blend were 
not uniform and if each type of fiber were free to ex 
ert its own characteristic influence, the resultant theo 
retical curve, derived percentagewise from curves 4 
and 6, would be represented by the dotted curve in 
Figure 5. A curve of this general shape has been ob- 
served for a fabric sample composed of cotten warp 
and rayon filling threads; the unblended nature of 
the fabric permitted the two dissimilar yarns to exert 


FABRICS 


10 20 30 40 
EFFECTIVE PORE RADIUS, microns 
Fic. 4. Peak portions of the distribution curves for 
“Sike” (curves 1) and Deltapine (curves 5) as lint 
cotton, as 30/2 yarns, and as closely woven fabrics. The 
fabrics are sample numbers 114—G and 119-G of the 
previous report [4]. 
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40 


EFFECTIVE PORE RADIUS, microns 
hic. 5. Comparison of the 
Hopi Acala 50 (curve 


distribution curves of 
$4) and Iquitos (curve 6), mdi 
vidually and blended (curve 7). Also, the theoretical 
and experimental curves for unblended mixtures 
unblended mixture, experimental; 
ture, theoretical 


unblended mia 


their individual influences. .\n attempt was made to 
show an analogous effect for the loose fibers by plac 

ing in the porometer a portion of Iquitos fiber (75% 
by weight) vertically parallel to a Hopi Acala 50 
portion (25 by weight) and determining the distri- 
bution curve. Unfortunately, no particular attention 
was given to the degree of packing of the individual 
portions. The results from each of two such runs 
show considerable deviation from the curve obtained 
for the blended fibers, but little approximation to the 
theoretical curve for unblended fibers. However, 
and possibly fortuitously, the graphical average ot 
the two runs, as shown by the broken-line curve m 
Figure 5, is a close approximation to the theoretical 
curve. 

The conclusion may be reached that it is possible 
to produce cotton wads, yarns, or fabrics whose pore 
size distribution will approach specific requirements 
if due consideration is given to the weight-fineness 
and cross-sectional shape in choosing the component 
fibers, to the degree of fiber packing, and to the proper 
mixing of dissimilar cotton fibers. In order to sub 
stantiate this hypothesis and to render it more usable, 
additional studies are needed to obtain a better quali 
tative, or more nearly quantitative, interrelation of the 
parameters involved 


Summary 
The procedure for the determination of pore-size 
distribution of textile materials by the mercury-in 
trusion method has been simplified by an adaptation 


of a commercially available high-pressure porometer. 


803 


For homogeneous masses of cotton fibers of the 
same bulk volume per gram, approximately linear 
correlations have been demonstrated which relate the 
pore-radius position of the peak of the distribution 
curve, on the one hand, to the weight-fineness (as 
sociated with size) and maturity count (associated 
with shape) of the fibers, and, on the other, to. the 
reciprocal of the arealometer measurements of thet 
specific areas, 

Phe relative position of the distribution curves for 
two dissimilar lint cottons was found to be maintaimed 
in the curves for the corresponding yarns and fabrics 
This definite reflection of the fiber characteristics in 
the corresponding yarns and fabrics may be expected 
if the degree of packing is approximately the same 


for each pair—te., if the bulk volume of the 


lint cot 
ton, the yarn number and twist, or the fabric con 
struction of one sample approximates that of the other 
in each instance. 

Limited data have been obtained which suggest the 
possibility of blending fibers to establish the peak of 
the distribution curve at some intermediate position 
between the peaks for the separate fibers. It has 
also been shown that dissimilar cotton fibers, when 
mixed but unblended, tend to exert their influence 
independently and to produce a distribution curve 


whose profile is unlike that of blended mixtures 
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Degradation of Cellulose During Mechanical 
Processing 


Part IV: Size Reduction of Cotton in a Wiley Miil* 
Robert F. Schwenker, Jr., and John C. Whitwell 


Contribution from Textile Research Institute 


. Princeton, New Jersey 


Abstract 


Phe degradative effcet of the Wiley mill on cotton samples and the variables affecting this 


action are discussed 


It is concluded 
ing, and that the form of the cotton sample 


examination of fiber segments confirms the 


hat one of the most important mill variables is biade spac 
is also of paramount importance 
latter conclusion 


A microscopic 
It is possible that the amount of 


cegradation may also be a function of the D.P. of the sample 


Introduction 


In 1925 Samuel Wiley designed a laboratory mill 
[15] to effect the size reduction of a variety of ma 
terials in order to achieve greater sample uniformity 
and ease of sample handling. This apparatus, or one 
of its later adaptations, is used extensively in textile 
and allied fields for the size reduction of fibers for 
viscometric or other analytical techniques. It has 
been found that sample homogeneity and the rate of 
sample solubjlity is thereby increased |1, 3, 5| 

Since it has been shown that normal mechanical 
processing in textile manufacture degrades cotton 
[13], it might be expected that the severe action of 
It has 
been assumed that this is not the case, es 


the Wiley mill would produce a similar effect. 
usually 
pecially when a coarse screen (20-mesh or greater ) 1s 
used inthe mill. Ina recent publication [4] support 
ing this view it was stated that a small amount of 
degradation can be observed, but only after samples 
are recycled through a mill equipped with a_ fine 
screen, Other workers [6], however, have found 
some evidence of degradation under less severe treat 
ment, but the full range of operating conditions was 
not explored, 

lhe present research was undertaken: (7) to de 
termine whether degradation occurs as a result of a 
very mild treatment in the Wiley milling process, and 
(2) to show the extent of any degradation as a func 
tion of the important operating variables of the Wiley 
mull. 


* Parts I, 11, and II] appeared in the Sept., 1949, Aug., 
and Mar., 


1953, issues, respectively 


1951, 


Experimental 
Vaterials 


Bale and yarn samples of Stoneville 2B cotton and 
another variety of cotton (identified in this paper 
tested. materials 
were described in previous papers in this series [ 13, 


as “Saco-lLowell”) were These 
14]. Viscosity determinations were made on solu 
tions of 0.100 g./100 mil. of solvent, with 0.5.47 cupri 


ethylenediamine as solvent. 


[pparatus 


The mill used was the A. H. Thomas *4276-M 
Laboratory Mill, Wiley, Intermediate Model. The 
milling chamber, shown in Figure 1, is fitted with two 
stationary, adjustable blades and a rotor with four 
cutting edges. Samples are fed into the mill fram 
the top through a metal hopper. The bottom of the 
cutting chamber is fitted with a sieve or screen, which 
serves to limit the size of particles which leave the 
cutting chamber. 

The viscosity measurements were taken with a 
Cannon-Fenske capillary viscometer (size 100). A 
single instrument was used throughout. An optical 
microscope was used to study the phy sical condition 


of representative milled and control samples. 


Procedure 


The methods of sample handling, preparation, and 
viscosity measurement were the same as those em 
ploved in earlier work [13], the only exception being 


the Wiley -mill treatment. The variables investigated 
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were: (1) the clearance between the stationary blades 
and the rotor cutting edges (see Figure 1); (2) the 
sharpness of the stationary blades; (3) the screen 
mesh ; and (4) the rotor speed. 

The clearance, measured with standard feeler gage, 
was from 1.5 x 10% in. to 15.5 x 10° in. The lower 
limit of this range represents the minimum clearance 
conveniently attainable between the cutting edges. 
Above 15.5 x 10° in. the machine jammed frequently 
during operation, thus establishing this value as the 
maximum clearance. Since the vibration incident to 
operation was observed to cause a gradual increase 
in clearance, frequent adjustment was required. 

Viscosity was used to estimate the effects of the 
different variables. Samples of bale cotton and grey 
yarn were milled at various blade clearances using the 
20-mesh 10-mesh_ screen, 
which is not normally used for fiber reduction since 


screen. The effect of a 
20-mesh is usually considered to be sufficiently large 
to avoid degradation, was also studied. This screen 
was made specially and was incorporated into the 
tests because of a report [9| that its use reduced 
degradation to negligible proportions. 

Four groups of samples were selected for micro- 
scopic examination: bale and yarn passed through 
the Wiley mill, and bale and yarn which had not 


been passed through the Wiley mill. In each group 


three slides were prepared, and by arbitrary selection 


of stage positions, ten fiber segments on each slide 
were randomly chosen for examination. 


Fic. 1. Wiley mill with cover plate removed. 


Results and Discussion 


, were calculated 
from flow data using the Newtonian relationship 


Values of reduced viscosity, np/C 


t/t, =m. The use of values of »,,/C for the purpose 
of comparing samples at a single concentration was 
discussed in a previous paper [13]. The 
shown in Table I indicate plainly that degradation 
occurs under some, but not all, conditions. 


results 


The deg- 
radation of samples in loose bulk form (bale samples ) 
tends to increase as clearance increases, and this deg- 
radation is not eliminated when a 10-mesh screen is 
substituted for the 20-mesh on which the bulk of the 
data were obtained. An analysis of the action occur 
ring in the cutting chamber furnishes a better under 
standing of this result. 
of 1.5 K 10 in. 


At the minimum clearance 
, a true cutting action is most closely 
approached, whereas a beater-like action is approxi 
mated when the cutting surfaces are more widely sepa 
rated. The action of beaters on cotton was reported 
[14], and was shown to cause degradation. Ina re 
cent book [2] Boundy and Boyer quoted the papers 
of Staudinger, Heuser, and Dreher |[11, 12] on the 
degradation of polystyrene as a result of the beating 
and grinding action of a ball mill. Staudinger and 
his colleagues showed that polystyrene is significantly 
degraded by such milling, and concluded that tearing 
of the molecules accompanied by thermal action are 
the primary causes of degradation, 

Further consideration of the results listed in Table | 
indicates that cotton yarns suffer no degradation under 
the same conditions that cause appreciable degradation 
of samples in loose bulk form, An explanation of this 
apparent anomaly is found in the physical state. The 
yarns, being more compact arrangements of the fibers, 


offer sufficient resistance to prov ide a relatively clean 


rABLE I MEAN REDUCED VISCOSITIES OF 


Corron SAMPLES* 


STONEVILLE 2B 


Bale Yarn 


De 
crease 
(%) 


Blade 
spacing 
(in. X10 4) 


Screen 


size Nay /C : Hop /C 
(mesh) (dl. /g.) (dl ) 
not milled 14.0 
10 38.4 

20 37.3 

20 34.6 

20 34.3 

20 33.8 


not milled 


220 
23.2 
* All values of reduced viscosity represent means of two 
determinations with the exception of the untreated samples, 


where more data were available 


+ Apparent decrease does not represent a significant change 
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cut when trapped between the blades and the rotor. 
Loose bulk fibers do not act in this manner, and, con- 
sequently, are given more beating and less cutting. 
This action holds regardless of whether the blades 
are new or much used. The high speed of the rotor 
compensates for the fact that the cutting surfaces are 
relatively dull even when new and quite blunt (see 
Figure 2) after appreciable use. Straight cutting ac- 
tion, as with scissors, has been shown to produce no 
measurable degradation |4]|, and this conclusion has 
been confirmed in this laboratory. 

If the modified Staudinger equation |[y] = KM, 
where a = 1, for cellulose and its derivatives in soiu- 
tion, is assumed to be applicable [8], then D.P. can 
be estimated using the Kraemer equation, D.P. = 
K’ |»|, where K’ is a constant for a particular solvent 
~ 190 [4]. 
In Table Il are presented the results of milling on 


system. For cupriethylenediamine, K’ 
two bulk samples whose different D.P.’s were cal- 
culated in this manner. 

These results indicate that the amount of degrada- 
It is 
therefore possible that part of the reason for the lack 


tion may be a function of the D.P. of the sample. 


of degradation of the Stoneville yarn samples is their 
initially lower D.P., which was estimated at 3400, as 
compared with D.P. 4700 for the Stoneville bale 
sample. 

It has been suggested that the degradation effect of 
the Wiley mill should be much more severe than that 
of pickers. Instead, it is apparent that for bulk sam- 
ples it is of the same order. Despite the violence of 
the Wiley mill, its effect is somewhat tempered by the 
cutting action which removes the fibers from the zone 
of violent action. No other explanation is apparent. 

The above discussion is based in part on an analysis 
of the reduced viscosity for all Wiley-milled samples 
which showed that the variance, s*, of an individual 


measurement is 0.88. The significance of the differ- 


TABLE II. EFrect ot 


Estimated 


aw. 


Sample 
descript ion 


Saco-Lowell, 1-H bulk 
(lap) 


4300 


Saco-Lowell, bulk 
(bale) 


1400 


MILLING ON SAMPLES Of 


Textile processing 
treatment 


8 passes through 
carding beater 


scoured 
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ence between any pair of means in Table | may now 


be determined by a standard statistical method [10]. 


Such analysis reveals the following: (/) no signifi- 
cant difference exists between results for the 10-mesh 
and the 20-mesh screens; (2) in the case of bale sam- 
ples, the results for a clearance of 1.5 x 10° in. differ 
significantly from those for a clearance of 5.0 x 10 
in.; (3) for bale samples, no significant difference is 
found between clearances of 5.0, 8.5, and 15.5 x 10° 
in.; (7) no sample of yarn is significantly different 
from any other sample from the same source. 

The results obtained on the effect of screen size 
might be construed to imply that no significant effect 
accrues for this variable, whereas, in general, the 
present authors hold the opposite view. As screens 
become finer, an effect of increased degradation of 
the sample is apparent. This effect has been shown 
by other workers [5, 6] as well as in this laboratory. 


Fic. 2. New and used stationary blades 


VARYING D.P. 


Decrease 
in Hep/C 
(%) 


Wiley mill 


treatment 


Nep/C 
(dl. g.) 


44.3 


none 


20-mesh at 
15.5 X 107 in. 


20-mesh at 
1073 in 


15.5 x 
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However, the data given here represent a. check on 
the extreme end of the range of screen sizes where 
an increase in size no longer has any significant effect. 

The effect of using a new set of stationary blades 
in the cutting chamber of the mill was also investi 
gated, and some decrease in degradation was achieved. 
When the Wiley mill was equipped with the original 
set of blades, the reduced viscosity of the cotton bale 
samples was decreased 239% by milling at a blade 
< 10% in. With the new blades in 
use, the decrease for the same sample under identical 


clearance of 15.5 
conditions was about 18%. Although the degradative 
effect is thus reduced, a very substantial amount of 
degradation still persists. These data confirm the 
previous conclusion that improved cutting action re 
sults in less degradation 

The effect of rotor speed was assessed by deter 
mining the time required to reduce a given amount 
of sample. It was found that low speeds resulted in 
commensurately extended reduction times, and, con- 


sequently, the most rapid size reduction occurred at 


l'ypical fiber segment showing representative 
cuticle damage 


TABLE III. Frper 
STONEVILLI 


DAMAGE DATA. ON 


2B SAMPLES 


Number of damaged 
fiber segments: 


per 10 per group 


Sample Mechanical treatment examined of 30 


Bale 


none 


) 
3 
} 


Wiley-milled at clearance’ 


of 15.5 & 107% in 


mechanical processing 


mechanical processing and 
Wiley-milled at clearance 


of 15.5 10-4 in, 


are vX + 0.5 
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the maximum rotor speed of approximately 3600 

r.p.m., the implication being that better cutting action 
is effected at the high speed. 

In Table LIT the results of the microscopic exani 

The data 

show that bale cotton apparently sustais a consider 


nation of fiber segments are summarized, 


able increase in cuticle damage as a direct result of 
passage through a Wiley mill, whereas cotton yarn 
shows no effect from this treatment. (See Figure 3.) 
These results correlate very well with the previously 
prop sed hype thesis of increased beater action in the 
Wiley mill treatment of bulk samples. They also 
support the results of the viscosity study presented 
in this paper. 

A comparison of the results obtained tor unmilled 
bale and yarn samples indicates that the normal 
mechanical processing encountered in the textile mill 
This 


result is also consistent with those obtained in earlier 


causes a significant increase in cuticle damage. 


analyses of mechanical degradation |3, 7, 13, 14]. 
These remarks are based on an analysis of the cu 
ticle damage counts in which the counts are assumed 
to be from a Poisson distribution and are transformed 
prior to the analysis of variance as follows: if any 
count is termed X, the transformed data to be analyzed 


Conclusions 


1. Native cotton cellulose in loose bulk form ap 
pears to be degraded by a single passage through a 
Wiley mill regardless of experimental conditions, 

2. Cotton yarn is not degraded significantly by a 
single passage through a Wiley mill fitted with a 20 
mesh screen. 


3. The fact that bale cotton and cotton yarn are 


affected differently by Wiley-mill treatment precludes 


the use of this apparatus in the preparation of sam 
ples when such samples are to be compared 

4. Minimum degradation is attained using a 10 
mesh screen, a blade clearance of 1.5 x 10° in. or less, 
and maximum rotor speed 

5. The degradative effect of milling low-molecular 
weight or low-D.P. celluloses is apparently quite 
small, and milling may cease to affect appreciably 
samples of D.P. in the range 500-1000. 
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Generalized Creep Curves for Nylon* 
Ephraim Catsiff,; Turner Alfrey, Jr.,{ and M. T. O’Shaughnessy 


Department of Chemistry, Polytechnic Institute of Brooklyn, New York 


Introduction 

The mechanical properties of textile fibers are gen- 
erally recognized to be of both practical and theoreti 
cal interest. Practically, they determine the charac 
teristics of fabrics, cords, and other structures made 
from fibers, and aid in establishing optimum condi 
tions in fiber manufacture. Scientifically, they pre 
sent an extreme case of viscoelastic behavior which 
contrasts in a number of respects with the “linear” 
viscoelastic behavior of amorphous linear polymers. 
Useful fibers are more or less highly oriented, par- 
tially crystalline polymeric structures, and possess a 
relatively high degree of mechanical anisotropy cor- 
responding to their orientation. While their trans- 
verse properties are not unimportant, their longi- 
tudinal (tensile) properties are easier to study, have 


*Presented before the Division of Polymer Chemistry at 
the 122nd meeting of the American Chemical Society, At 
lantic City, N. J., Sept. 1952 
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versity, Princeton, N. J 
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Chemical Co., Midland, Mich 


been studied more thoroughly, are of greater practical 
importance, and have not as yet received adequate 
explanation. 

In any study of the tensile properties of a visco 
elastic structure, the relationship between stress or 
strain and time, in the testing procedure, must be sim- 
ple and reproducible. There are four relatively sim- 
ple test conditions: (7) creep under tension constant 
in time, (2) decay of tension under strain constant in 
time, (3) measurement of the strain produced by ten- 
sion increasing proportionally to time, and (4) meas- 
urement of the tension produced by strain increasing 
proportionally to time. 

In the case of viscoelastically linear materials, these 
four types of measurements are considered equivalent. 
In the case of fibers, which show patterns of stress 
strain behavior in time which vary strongly with 
stress, they are not equivalent. Creep and stress re 
laxation, the simpler but unfortunately the more la 
borious measurements, have special importance in the 
study of fibers. Of these two, creep is the simpler 
experimentally and has received more study. 

Modern study of the creep of textile fibers may be 
considered His 


book |7]| surveys the previous literature of creep, and 


to have started with Leaderman. 
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reports creep and recovery measurements on rayon, 
cellulose acetate, silk, and nylon fibers which had 
been “mechanically conditioned” by a first creep and 
recovery cycle at a load higher than that in the sub 
sequent experiments which were analyzed. Alfrey 
{2| reviewed the theory and experimental results of 
a study of the mechanical properties of polymers in 
general, with emphasis upon the behavior of “visco 
elastically linear” polymers, which may be represented 
by models of Hookean springs and Newtonian dash 
pots. Such polymers obey Boltzmann’s superposition 
principle for creep, which is a mathematical postulate, 
reviewed by Leaderman, which predicts such super 
ficially mysterious effects as elastic memory. Leader 
man found this principle to require modification for 
silk, rayon, and cellulose acetate and to fail for ny 
lon; even when mechanically conditioned, fibers are 
“viscoelastically nonlinear.” Eyring, Dillon, and co 
workers [6] studied creep to some extent im the 
course of extensive experimental and theoretical in 
vestigations on fiber mechanical properties in which 
the theory of absolute reaction rates was applied to 
these phenomena. O'Shaughnessy |10| reported a 
study of the creep of textile rayon yarns which had 
not been “mechanically conditioned” ; he found that 
the rate and extent of potential recovery from first 
creep change drastically with increasing duration of 
stress, and also that the “nonlinearity” or general ab 
sence of proportionality between stress and strain in 
the creep of these fibers is not haphazard, but arises 
from the existence of limiting low stress-short time 
and high stress-long time responses, with the rate of 
transition from the first to the second being strongly 
[12| 


mechanical model incorporating a ratchet which, al 


stress-dependent. Vreedenberg suggested a 
though crude, represents the tensile properties of 
Others 
1, 4, 5, 8,9, 11] studied the creep of various fibers, 
varns, and cords. 


fibers qualitatively in an illuminating way 


From all of the creep results avail 
able there emerges a picture of considerable com 
plexity of detail, with a few tentative simplifying 
generalizations in individual cases. As might be ex 
pected in a situation in which the experimental ma 
terial is obviously incomplete, the mathematical theory 
of the mechanical properties of textiles is tentative 
and rudimentary 

This paper reports the chief results of a study of 
the creep of a commercial sample of nylon 66 * un 

*We are indebted to Drs. W. H. Charch and M. L 


berger of the Pioneering Research Section, Textile 
Department, Technical Division, F. 1. du Pont de 


Eerns 
Fibers 
Nemours 
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der constant tension, at 36°C, and several moisture 
conditions. Much more experimental work was done 
than is reported herein. The investigation was un 
dertaken in the hope of finding a more general repre 
sentation of the creep behavior of nylon than is af 
forded by the sets of primary creep curves themselves, 
using various conditions. The present paper reports 
the extent to which this effort was successful—namely, 
the construction of generalized creep curves to repre 
sent the first-creep behavior of nylon at all loads un 


der each of the humidity conditions used. 


Experimental 
d Ipparatus 


The apparatus used is shown in Figure 1 [4]. It 
consisted essentially of a constant-tension creep bal 
ance encased in a constant-humidity chamber (a tube 
like flask blown from 54-mm,. Pyrex tubing) which 
Was immersed to a depth of 16 in. in a thermostated 
water bath. A hygrostatic material was placed in 
at the bottom of the flask 
R.H., 


sulfuric 


the large bulb \nhydrous 


barium oxide was used for 0% 53% 
acid for 300 R.H 
R.H.: the tube was filled 
the wet runs. 


sulfuric 
acid for 60% 
with deionized 


. and 38% 


water for 


The balance consisted of a vertical stainless-steel 
rod bearing a brass clamp at the bottom and a con 
stant-tension pulley at the top. The pulley was de 
signed so that the relationship between load lever-arm 
and angular detlection of the pulley caused samples 
of 10 in. initial length to be subjected to tensile forces 


which decreased in proportion to the contraction in 


their cross-sectional area during elongation [3, 4]. 


The design involved the assumption that the fiber de 


forms at constant volume. While this assumption 
is probably not correct, the apparatus allows a much 
closer approach to ideal constant-stress conditions 
than does the application of a constant force 

In Figure 1 the pulley is shown in the. starting 
position. When the load is applied, the fiber stretches 
and the pulley rotates clockwise, applying a force to 
the fiber which decreases with elongation, as noted 
(ne continuous piece of braided silk fishline, 
18 Ibs. test, was used for both the fiber and the weight 
leads. Starting at 1 on the right-hand side of the 


pulley in Figure 1, the fishline goes up to the pulley, 


aly ve 


rides along the cam surface, B, passes through a 
small hole, C, follows the dotted line and clamps in 
position under the fastening bolt, 1), of the static bal 


and Co., for supplying the nylor 


about its physical properties 


sample and the informatior 


and preparation 
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ance arm, and extends down the back circumference, 
ki, of the pulley. The length of fishline on the inside 
of the pulley was kept at a minimum to reduce the 
error introduced by the elasticity of the line. The 
end of this line was firmly knotted to a loop at one 
end of a length of stainless-steel wire (0.011 in. in 
diameter). The lower end of the wire carried a stain 
less-steel hook, over which the fiber was looped 
Both free ends were clamped at the bottom of the 


rod, so that a double length of fiber bore the load 


Preparation and Conditioning of Samples 


The fiber used was a commercial sample obtained 
from the Textile Fibers Department of I. 1. du Pont 





: 


Constant-tension creep balance im consta: 
Static balance arm. Hi 
stant-tension” pulley. J—Fishline. W—Stainless-steel 
rod L—IHWeight. M—Scale. N—Double hairline 
O—Rubber stopper. P—Constant-humidity chamber 
()—IVire lead and hook. R—Nylon multifilament yarn. 
S—Screw clamp. 


Fic. | 
humidity chamber. G 


“« “on 
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de Nemours and Co. [It was a 71-den., 34-filament 


yarn with § twist/in. The 66 nylon polymer from 
which it was spun melted at approximately 250°C. 
The number-average molecular weight was 12,000 
14,000, corresponding to a degree of polymerization 
of 50-00 and a chain length, extended, of 900 
1,100.4, 


times its original length, and contained 0.30% titanium 


? 


The yarn had been cold-drawn to 3.6-3.8 


dioxide. 
The tiber was stored on the spool at the ambient 
temperature and humidity. From time to time small 
skeins were prepared and stored relaxed in constant- 
humidity chambers for conditioning at the tempera 
ture and humidity at which they were to be tested. 
\ll conditioning and testing was done at 36.0 
0.2°C. The moisture 
380%, and 60% 


conditions used were 0%. 
R.H., and immersion in deionized 
water, 

The behavior of the tiber samples during the aging 
period was generally similar at all moisture condi- 
tions: rapid initial longitudinal contraction followed 
by slower shrinkage over a period of 2 or 3 weeks; 
eventually the rate of shrinkage diminished to  vir- 
tually zero. The shrinkage itself was the result of 
release of tension upon removal from the spool; the 
amount of shrinkage was humidity-dependent. At 
0% R.H. the over-all shrinkage was about 1.7% ; at 
30% 1.0%: at 60% R.H. the 
shrinkage in 2 or 3 weeks was about 1.4%; 
than half of this amount (0.8% ) occured during the 


R.H. it was about 
more 
first 17 hrs. of aging. For the purpose of studying 
the effect of aging on the creep and recovery behavior, 
an additional series of these 17-hr.-aged samples was 
tested at 60% R.H. For the samples immersed in 
water, about 3.0% shrinkage occurred in 3—4 hrs. of 
aging. Because of this rapid initial shrinkage and 
the relatively abrupt decrease in the rate of shrinkage 
with time, 3-4 hrs. in water was considered a suffi- 
cient time for complete conditioning of the wet 
samples. 


Creep and Recovery Test Procedure 


The general procedure in obtaining creep and re 
covery curves was to remove a skein of well-aged 
fibers from the constant-humidity chamber, cut off 
the required number of samples, and clamp them in 
the creep balance so that the distance from loop to 
clamp was 10.02 0.1 in. The balances were then 
The 


samples were thus exposed to ambient temperature 


re-encased in their constant-humidity chambers. 
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and humidity for about 10 min. On being replaced 
in the conditioned atmosphere, small, erratic changes 
in length occurred ; in almost all cases, however, a few 
hours in the conditioned atmosphere caused these 


changes to reverse themselves, so that by the next 


morning, when stress was first applied, the samples 
were again 10.0 in. long. 

Stress was applied by attaching a weight on the 
hook at the free end of the lead and gently lower 
ing it. [ to 3.0 


The range of tensions was from 0.1 
Changes in fiber length were read from a 


g./den. 
scale cemented to the wire lead which passed between 
two hairlines to avoid parallax. The scale was gradu 
ated in 0.02-in. divisions; by estimating tenths of a 
division, it was possible to detect a change of 0.02% 
of the fiber length. Elongation readings were taken 
at 0.1, 0.25, 0.5, 1.0, 2.25, 4.25, 8, 15, 30, 60, 120, and 
180 min. After 180 min., the weight was lifted care 
fully from the hook, and readings were taken at the 


same time intervals as during creep, except that a 


PABLE i PERCENT ELONGATION O1 


Run 7 36-1 17-2? 462 17 


16-1 17-3 
Stress (g 


(min. ) 
0.10 
0.25 
0.50 
1.0 


» 25 


Vime 


44 
18 
51 
59 


68 
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rABLE II. 


Run 38-1 


PERCENT ELONGATION OF 


39-1 38-2 39-2 
10-1 10-2 40-5 
Stress (g./den.) 0.2 0.4 0.6 0.8 


lime (min.) 
1.67 
1.83 
1.94 
ski 
31 
2.46 
2.5% 
2.69 
2.80 
6 
g? 


95 


NYLON FIBER AT 


den.) 0.2 0.6 0.8 


NYLON FIBER AT 
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reading was taken at 240 min. instead of 180 min 
The final recovery reading was usually taken at 1,260 
min., and a second 3-hr.-creep-21-hr.-recovery cycle 
at the same stress was 


run. Frequently, readings 


were taken at slightly different times. It was often 


convenient to allow a somewhat different 


recovery 
period; occasionally the creep period was varied a 


few minutes also. 


Results 


Complete tabulations of elongations in first creep 
at various times for each tension and moisture con 
dition are presented in Tables I-V. Some of the 
figures listed are averages for duplicate samples, 
which in most cases were in excellent agreement. A 
representative sample of these first-creep data is 
plotted in Figure 2, which presents the creep curves 
obtained for all 30% R.H. 
presents the creep curves of both partially aged (a) 
and fully aged (>) samples at 60% R.H. on a slightly 
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different basis—the ordinate gives the length of 
sample relative to its original length on the spool be- 
fore the shrinkage which accompanied relaxed aging. 
Figure 4A presents the rapid deformations (occur- 
ring during the first 0.1 min. under stress), and Fig- 


ure 4B the delayed deformations (elongation at 180 
min. minus elongation at 0.1 min.) for the various 
tensions at all five moisture and aging conditions. 
Figure 5 presents the residual elongations after 180- 
min. creep and 1,000-min. recovery, based on the 


TABLE III. Percent ELONGATION OF FULLY AGED (3 WEEKS) NYLON FIBER AT 36.0°C AND 60% R.H. 


Run 


Stress (g./den.) 


lime (min.) 


TABLE IV. 


Run 


Stress (g./den.) 


lime (min.) 
0.10 
0.25 
0.50 
1.0 
2.25 
1.25 
8.0 
15 
30 
60 
120 
180 


Run 
Stress (g./den.) 


lime (min.) 
0.10 
0.25 
0.50 
1.0 
2.25 
4.25 
8.0 
15 
30 
60 
120 
180 


0.57 
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0.86 
0.88 


PERCENT 
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initial length of the sample at the beginning of the 


creep tests. Figure 6 presents the same data as Fig 


ure 4A, but in terms of lengths of the samples rela- 
tive to their original lengths on the spool, and Figure 
7 repeats the data of Figure 5 on the basis of relative 


lengths. 


10 


[ 


i 3.0 G/D 
— 
aoe 


% ELONGATION 





TIME (MIN.) 


First creep of nylon fibers conditione 


and 300, R.H 


RELATIVE LENGTH 
fe) 
> 


fe 
ro) 
nm 





_¢—~— Fo smell 


813 


Figures 2-7 illustrate the principal qualitative fea 
tures of the creep and recovery behavior of ny lon. In 
the first place, the rapid deformations (and, while not 
shown, the rapid recoveries also )are very large rela 
tive to those of such fibers as rayon, cellulose acetate, 
wool, and silk. As shown in Figure 4A, these rapid 
deformations by no means define a linear stress-strain 
curve. The stress-strain curve so defined is a simple 
curve for the wet samples but for all others it is sig 
moid; at the lower humidities it shows some of the 


stiffness at low tensions followed by a region of 
yielding which 1s a much more strongly developed 
feature of the stress-strain curves of the other fibers 
mentioned. Figure 4B confirms the surprising fact, 
previously reported by Leaderman [7], that above 
about 1.0 g./den. the delayed portion of the creep 
elongation of nylon is substantially independent of 
tension. For the samples tested at the lower humidi 
ties. the observed delayed elongations were larget 
in the range from about 0.5 to somewhat over 1.0 g 

den. than they were in the high-tension range in which 
the delayed elongations were relatively constant 
This behavior correlates with the sigmoid character 
of the corresponding creep curves, and is related to 
the stiffness in the region of low tension revealed for 


these lower humidities in Figure 4A, The position of 
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Fic. 4. A—Effect of humidity on 0.1 
min, elongation of nylon fibers at 36°( 
(E(1)9,). B—Effect of humidity on de 
layed creep (E(1 . K(1 leads @; 0% R.H 
©, 30% RA. R.H. (aged 3 weeks) 

600% R.H 


hrs.) e. Vet 
(100% R.H.). 


sO 


oe, OU 


( aged 17 


the maximum delayed creep is shifted towards lower 
tension as humidity increases. 

The first creep elongations of commercial nylon 
66 are almost completely recoverable over the entire 
range of tensions, as shown in Figure 5, This is an- 
other aspect of the contrast in behavior between ny 
lon and rayon, acetate, and other more typical fibers. 

An interesting feature of Figure 5 is the net con 


traction, increasing with the tension applied, pro- 


duced by creep and recovery in those samples, tested ° 
at 60° R.H., for which the initial aging contraction 
was only half complete at the start of creep tests. 
This net contraction may be understood qualitatively 
in terms of Boltzmann’s superposition principle for 
viscoelastic behavior. We may assume that the ny 
lon is wound on the spool in a condition of tensile 
strain, undergoes a decay of tension while stored on 
the spool, which transforms a rapidly recoverable 
strain to a very slowly recoverable one, and slowly 
recovers from this strain upon removal from the spool 
and introduction in relaxed form into the conditioning 
atmosphere. If this slow recovery is not complete 
when creep tests are begun, it continues, superposed 
upon the elongation and recovery of the creep test. 
The evidence shows that the greater disturbance of 
the nylon stucture caused by creep at moderate and 
high tensions actually accelerates this delayed re 
covery as compared with that of samples stored 
relaxed or tested at lower tensions. That this per- 
sistence of delayed recovery from the original proc 
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essing strain is not the only difference between the 17 
hr.-aged and the 3-week-aged samples at 6000 K.H. is 
revealed by Figures 3 and 4; both the initial and the 
delayed compliance of the 3-week-aged samples, es 
pecially at high loads, are noticeably greater than 
those of the 17-hr.-aged samples. 

The final qualitative feature of the first creep of 


nylon which these curves (Figures 2 and 3) and 


J A z bedi A TRES 
tables illustrate is the approximate superposability of 


/ 


'] f ee i f | ' AG iffect of humidity on relative length afte 
le creep curve or le tension range Tom abou 
l ° ’ 5 180-min. creep and 1000-min. recovery of nylon fibers 


1.0 g./den. to, but usually not including, the highest = gy 34°C. Key is the same as in Figure 4 


tension tested. leaderman was the first to discover 
and report this independence of tension of both the 
extent and the course in time of the delayed elonga 
tions of nylon in the higher range of loads [7|. This 
feature of the creep behavior provides a point of de 
parture for the discussion of the generalized creep 
curves (Figures 8-12) and the dependence of their 
parameters on stress and humidity. , 


Waster Creep Curves Fic. 8 Master first-creep cw 


/ ve for 36°C and 30°, 


' . \ ‘ ; R.H., illustrating the synthesis of the master curve by 
Condensed representation of the creep, from which fitting together individual creep curves shifted vertically 


individual creep curves may he reconstructed, is ex and laterally and multiplied in ordinate by 1/1 


4 


3 


Zz 
oO 
= 
a 
Qo 
z 
oO 
al 
WwW 


le 


fons 7s Sea a Es aa 
io” «6 10! 10° 10° 10° 10° 
TIME (MIN) 





kic. 9. Master first-creep curve for nylon fibers conditioned at 36°C and 0% RH. Thi 
characteristic retardation time The symbols represent experimental points adjusted b 
stants, as explained in the text 


large cross marks the 
use of characteristic con 


nN 
T 


0.037 MIN 


ELONGATION 


% 





EE 


Ew 


1o~* 1o7' 10° 0 107 
TIME (MIN.) 


Master first-creep curve for nylon fibers conditioned at 36°C and 30% RH 





816 


tremely simple at tensions in the high-stress range, 


where the shape and vertical range of the delayed de 
formation in the experimental interval are indepen 
dent of stress. 


initial 0.1-min. elongations vs. tension and a template 


for any of the creep curves in the range. 
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such a representation is trivial: it applies only to an 
end-state at high stress that appears to characterize 
Furthermore, it 
pletely neglects the indications in the data that nylon 


nylon alone among fibers. com- 
exhibits marked stress-dependence in its rate of un- 


dergoing delayed deformation. This latter behavior 


eye 
i so tte 
gwre® 
te 
a 
: 4 ~~ MIN 


Fic.-11. Master first-creep curve 
for nylon fibers conditioned at 36°C 
and 60% R.A. 


ew 





io? 10 io" 
TIME (MIN.) 


ia) 


ELONGATION 
ae 


. 4 
ex 


= |: 
1072 io-* 
TIME (MIN.) 





0.0030 MIN 


ELONGATION 


% 


107? 10 
TIME (MIN) 


io7$ 


Fic. 12. Master first-creep 
curve for 17-hr.-aged (“half 
conditioned”) nylon fibers at 
36°C and 60% R.H. 


Fic. 13. Master first-creep 
curve for nylon fibers immersed 
in water at 36°C. 





NOvEMBER, 1953 


is the viscoelastic anomaly which is most character 
istic of polymers in the fibrous state. Some generali 
zation of the simple procedure suggested above must 
be found if the whole range of stresses is to be encom- 
passed and the condensed representation is to have 
value. 

The key to the generalized procedure, which was 


suggested by O’Shaughnessy’s redticed first-creep 


curves for rayon [10], is the assumption that there 


exists an invariant pattern in logarithmic time for the 
entire delayed-elongation process in nylon, but that 
the time scale of the response, as well as its magnitude, 
is stress-dependent. We shall elaborate this assump 
tion and describe the construction of the master curve 
with reference to Figure 2 for 30% R.H. The con- 
struction may be followed in Figure 8. Samples un 
dergoing creep at small tensions (0.2 g./den. at 30% 
R. H.) undergo delayed deformation very slowly, so 
slowly that little creep is noticeable in the experi 
mental interval 0.1 to 180 min. (roughly 10' to 10 
min.). In terms of our basic assumption, the effect 
of increase of stress is to multiply the rate of all parts 
of the delayed-elongation process by the same factor ; 
on a logarithmic time scale the effect is simply a lat 
eral translation of the delayed-elongation curve to- 
wards shorter times. The curves for 0.4, 0.6, and 
0.8 g./den. are sigmoid in the experimental interval, 
thus implying that the over-all creep process, plotted 
against an extended scale of log time, is sigmoid. 
The inflection points of these sigmoid curves are 
shifted strongly towards shorter times with increasing 
The 


times coresponding to these inflection points may be 


stress, in confirmation of our basic assumption 


used to characterize the rate of the creep process for 
the stress in question ; we shall call them “characteris 
tic retardation retardation 


times are assumed to exist for the curves which do not 


times.”” Characteristic 
possess inflection points in the experimental interval ; 
these times are assumed to become shorter and shorter 
as the stress increases until finally a stress is reached 
beyond which the characteristic retardation time re- 
mains constant. 

The construction of the generalized creep curves is 
essentially a trial-and-error process. Using Figure 
2 (30% R.H.) as the example, it was first established 
that the curves for 2.0 and 2.5 g 


2.5 g./den. could be made 


to coincide by simple vertical shifting. The common 
form of these curves was drawn on that part of an 
extended-scale log time plot which corresponded to 
the experimental time interval; the curve so drawn 


was the long-time portion of the master creep curve 


817 
required, Next, it was observed that the later part 
of the curve for 1.5 g. den. ce muld be made to coincice 
with the earlier part of the stress-invariant curve for 
higher stresses by vertical shifting combined with 
horizontal shifting to the left, towards shorter times 
(The time, 


pendent in the range 2.0 to 2.5 g./den 


characteristic retardation stress-inde 
. Increased on 
going from 2.0 to 1.5 g./den.) The curve drawn on 
the extended-scale log time plot was then extended 
to the left so far as it could be determined from the 
vertically and horizontally shifted experimental curve 
at 1.5 2 


den. den 


The curves for 1.2, 1.0, and 0.8 g 
could be joined on smoothly, after similar vertical and 
lateral shifts, to produce further extensions of the 
master curve towards short times. An attempt was 
then made to establish, by vertical plus horizontal 
shifting, a correspondence between the later portion 
of the 0.6 g./den. curve and the master curve as ex 
tended; the attempt was fairly successful, but it ap 
peared that the fit would be improved by a systematic 
increase in the vertical range of the 0.6 g./den. curve 
Further fitting attempts brought out more strongly 
the necessity for vertical expansion of the curves for 
lower stresses, and demonstrated that multiplication 
of the total ordinates of the original creep curves by 
a common fitting factor, 1//’, for each curve before 
vertical and horizontal shifting produced just the ver 
factors increased 


tical expansion required, These 


monotonically as the stress decreased. The continua 
tion and completion of the process of determining the 
master creep curve then became a_ trial-and-error 
process of finding, curve by curve, the combination 
of multiplicative factor, vertical shift, and lateral shift 
which fitted the later portion of each experimental 
creep curve to the master creep curve as determined 


When 


the creep curve at lowest stress had been joined to 


from the creep curves for all higher stresses 


the master creep curve by this process, the latter was 
complete insofar as the data at hand enabled its com 
pletion. This master creep curve was then shifted 
horizontally on the log time scale until its beginning 
coincided with 10° min., and its ordinate at 10°° min 
set at zero by a further vertical shift. The inflection 
points, or characteristic retardation times, 7*, of the 
master creep curves for all the moisture and aging 
conditions, reproduced in Figures 9-13, were deter 
mined by this shifting to a common time of beginning 
and do not correspond to actual retardation times at 
any particular stress for the different moisture con 
ditions. 
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The individual experimental points could all be 
transformed by the same combination of multiplica- 
tion of ordinate, vertical translation, and horizontal 
translation on the master log time plot which was 
originally applied to the curves determined from them. 
The points entered on Figures 9-13 are the individual 
experimental points so transformed. The short-time 
end of the curves corresponds to small loads and small 
elongations ; the pronounced scatter there merely re- 
fects the experimental error and the sample-to-sample 
difference in the measurement of very small elonga- 
tions. Individual data rather than averages for dupli- 
cate samples have been entered on these plots. 

The three operations involved in the construction 
of a master creep curve from a set of experimental 
creep curves at a series of stresses may be represented 
by three parameters, all functions of stress. These 
parameters must be known in order to reconstruct 
creep curves at specific stresses from the master curve. 
They are discussed below. 

1. The scale factor, ¥.—In the construction of a 
master creep curve, each experimental creep curve 
in the low stress range had to be expanded in ordinate 
by multiplication of all ordinates by a common factor, 
1/F. The reciprocal of this factor, F, must be applied 
to the master creep curve in order to reproduce actual 
creep behavior at low stresses. F is found empirically 
as described above. It is noteworthy that F is unity 
over a very wide range of stresses. The definition of 
F’ replaces the more usual definition of a “modulus” 
for delayed deformation ; the constancy of /’ over the 
moderate and high stress range implies a mono 
tonically increasing modulus over this range; such a 
nonconstant modulus would be of little significance 


ps0 
* as 


eg \ : 


1.5 
STRESS, G/D 
Ric. 14. Stress- and humidity-dependence of scale 
factor in first creep of nylon fibers at 36°C. Key is the 
same as in Figure 4 
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or use. These factors, Ff, are plotted as functions of 
stress in Figure 14. 

2. The characteristic retardation time, +—In the 
construction of the master creep curve, all the experi 
mental curves except those for the highest stresses 
were shifted laterally on the log time plot, and then 
the master curve itself was given a second lateral 
shift to bring its beginning to the arbitrary time 10° 
min. Before actual creep at a given stress and in a 
given experimental interval can be inferred from the 
master curve, we must know what shift to apply to 
In the 
construction of the master creep curve the time scale 


it in order to reverse the shifts just mentioned. 


of the high-stress experimental curves is unmodified 
by any lateral shifting, so that the abscissa of the in- 
flection point of the master curve as first constructed 
is the logarithm of the common, smallest characteristic 
retardation time, tin, for these highest stresses. That 
time is tabulated for the stresses to which it corre- 
sponds. As the curves for lower stresses are fitted, 
lateral shifting to the left is required ; at a given inter- 
mediate or low tension, 7;, this lateral shift has the 
magnitude log +(7j) 


log tmin.. These values of 


7(7T;) are tabulated as functions of stress. The master 


creep curve as reproduced has the inflection point 


“SHARACTERISTIC RETARDATION 
r 


1.0 5 
STRESS, G/0 


Fic. 15. Stress- and humidity-dependence of charac 
teristic retardation time in first creep of nylon fibers at 


Key is the same as in Figure 4. 
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arbitrarily located at log r*. In order to bring the 


master creep curve into position, to represent experi 


mental behavior at the stress 7;, it must be shifted 


laterally to the right by the amount log +(7;) — log 
ok 


+ 
7 


The characteristic retardation times, r(7;), are 


plotted as functions of stress in Figure 15 
-The con- 
struction of the master creep curves requires vertical 


3. The instantaneous elongation, FE,. 


shifting of the experimental creep curves at all 
stresses (and, in addition, expansion of the ordinate at 
low stresses). The final vertical shift to zero ordi 


nate at 10° min. means that, in accordance with our 


Kia. 16. Stress 
faneous elongation in first creep of nylon fibers at 36°C 
Key ts the same as in Figure 4 


and humidity-dependence of instan 
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basic assumption, the master creep curves as repro 
duced represent all of the time-dependent response of 
the fiber and none of its instantaneous elastic response 
The magnitude of this instantaneous response at any 
stress can be inferred only when the entire master 
creep curve is known, When the master creep curve 
has been multiplied by a scale factor /'(7',) and 
shifted until its inflection point falls at log r(7,), our 
basic assumption states that it represents correctly 
the form and vertical range of the delayed deforma 
tion under stress 7, If we 


compare the master 


creep curve so transformed with an actual creep 


curve in an experimental time interval, we find that 
a further upward translation would be required 
to bring the two into coincidence. This upward shift 


is the instantaneous elongation /:, (7, ) 


Fic. 17 
and instantaneous elongation vs 


RH. 


Si ale factor, 


retardation lime 
300; 


characteristu 


stress, 36°C and 


Fic. 18 Reconstruction of 
experimental first-creep curve of 
fibers at 36° C and 30% 
Rk. H. under tension of 0.6 q./den 
from master first-creep 
Curve A—Master creep 
Curve B—After horizontal trans 
lation to 


nylon 


curve 


curve 


correct characteristic 
time (1.38 min) 
After multiplication 
factor (0.90) 
addition of 


elongation 


retardation 
Curve ¢ 

scale Curve 
D—After 
faneous 
Points 


alues taken from Figure 


instan 
(106%) 
shown are experimental 
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These instantaneous elongation values, E,, are 
plotted as functions of stress in Figure 16. 

Figure 17 plots /’, +, and FE, versus stress for 30% 
R.H. on the same graph. 

Figure 18 illustrates the reconstruction of the ex- 
perimental creep curve for 30% R.H. and 0.6 g./den. 
from the master creep curve. A is the master creep 
curve for 30% K.H. in its original arbitrary position ; 


B is the master curve shifted until its inflection point 


falls at log r (0.6 g./den., 30% R.H.) ; C is the shifted 
master curve after multiplication by F (0.6 g./den., 
30% K.H.); and D is the final curve translated up- 
ward by FE, (0.6 g./den., 30% R.H.). 
mental points for the two samples studied are given 


The experi- 
for comparison, 


Discussion 


Having described the process of constructing the 
master creep curves in considerable detail in order to 
insure clarity, we shall be brief in expressing our 
opinions concerning their validity and usefulness. 

The validity of the curves as representations of 
nylon creep behavior appears to lie somewhere be- 
tween the extremes of literal correctness on the one 
hand and a graphical tour de force on the other. To 
expect the right-hand ends of the curves to be quanti 
tatively accurate for extreme long-time creep at low 
loads, or to expect the extreme left-hand ends to 
represent accurately experimentally unobservable 
creep processes taking place in milliseconds at high 
loads, seem to us to place too literal an interpretation 
upon them. In contrast, we consider that the course 
of behavior, for example, of a 1.0 g./den. curve in the 
ranges 0.01 to 0.1 min, and 100 to 1,000 min. may be 
inferred from the master curve with considerable con- 
fidence, for in the construction of the master curve 
the 1.0 g./den. curve was joined smoothly to a 8 g. 
den. curve at the left and a 1.2 g./den. curve at the 
right, with considerable overlapping and good fit in 
each case. We expect the regions of the master curve 
to have quantitative significance only for stresses in 
the general ranges upon which the construction of 
those regions was originally based. These remarks 
imply that the characteristic retardation times, 7, have 
only approximate significance for stresses such that 
r is far outside the experimental interval, and further 
that the /,’s are to be considered as known only ap- 
proximately for the high loads. We shall leave un 
touched the complex question of the molecular scale 


basis of the /:,’s and of the delayed deformation. 


TEXTILE RESEARCH JOURNAL 


On the other hand, it would, in our opinion, be 
equally incorrect to admit that the master creep curves 
are the result of the construction process we have de- 
scribed and to deny that they have any physical sig- 
nificance. We believe that the speeding up of re- 
sponse mechanisms by increase of stress, our basic 
postulate, is a characteristic of fiber viscoelastic be- 
havior which has been established beyond doubt by 
the work of many investigators, and that if this basic 
postulate is correct, our curves have real, if qualita- 
tive, significance as unified descriptions of nylon 
creep. 

The utility of these curves, and indeed the utility of 
most fiber creep studies, appears to us to be indirect 
rather than direct. Creep experiments themselves 
are too laboridus for routine use, and our analysis is 
still more tedious. There is little doubt, however, 
that creep studies have contributed greatly over the 
last 15 years to the enrichment of our conception of 
fiber viscoelastic behavior. We consider that this en 
riched conception, in the guidance it gives the modern 
researcher on textile problems, is the chief justifica- 
tion of creep studies, and that in a field which still 
resists adequate theoretical explanation, such quali- 
tative unifying conceptions such as that proposed in 
this paper have value. 
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Experimental Study of Stiffness and Nonuniformity 
in the Vibroscopic Determination of 
Fiber Cross-Sectional Area 


E. T. L. Voong and D. J. Montgomery* 


Contribution from Textile Research Institute, Princeton, New Jersey 


Abstract 


\n experimental investigation has been made of the etfect of stiffness and nonuniformity in 


filaments on the vibroscopic determination of linear density 


For the samples studied (tungsten 


wire, wool fibers, nylon filaments) the effect of damping and of support motion was ordinarily 


negligible 


effect of nonuniformity in changing the natural frequencies and in shifting the nodes 


rhe effect of stiffness in raising the natural frequencies follows theory, as does the 


When 


appropriate corrections for these effects are made, the vibroscope provides an accurate method 


for determining linear density of filaments, the 


minations within the precision of the weighing 


Introduction 


The experimental aspects of the vibroscopix 
method for the determination of the cross-sectional 
area of filaments have been discussed by several 
authors (Gonsalves [3], Dart and Peterson [1, 2], 
Sproule [9], Montgomery and Milloway [5]). A 
theoretical treatment of the vibroscope principle 
taking into account stiffness in a uniform filament 
was given by Seebeck [8], and one taking into 
account nonuniformity in a perfectly flexible fila- 
ment was given by Rayleigh [7]. A treatment 
considering simultaneous existence of stiffness and 
nonuniformity was presented by Montgomery [6 ], 
It is the 
purpose of the present work to investigate by ex- 
periment the applicability of the theoretical con- 


who also summarized the earlier results. 


clusions to the vibroscope as it is used in practice. 

The stiffness effect alone is studied by working 
with a highly uniform tungsten wire of appreciable 
stiffness. The effect of tension is also investigated 
to establish that there is no disturbance from pos- 
The effect 
of both stiffness and nonuniformity is studied by 


sible motion of the filament supports. 


working with textile fibers of appreciable stiffness 
and nonuniformity. 

Throughout this work damping has been neg- 
lected so far as its effect on natural frequencies and 
nodal positions is concerned. This neglect seems 
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values found agreeing with direct weight deter- 


justified by the good agreement of the experimental 
results with the theoretical predictions, in none ot 
which has damping been taken into account 


Effect of Stiffness in Uniform Filaments 


flexible uniform filament, the 


natural frequencies of transverse vibration are in 


For a perfectly 


the harmonic relation 
nfo, (n + oF (1) 


where f, is the natural frequency of vibration in 


the mth mode, and f, is defined by 
(1/21) (T/pS)'. (2) 


Here / 


filament material (¢. 


length of filament (em.), p density of 


cm.*), S = cross-sectional area 
of filament (em.*), and 7 tension applied to fila- 


ment (dynes).t The effect of stiffness is to raise 
the natural frequencies over those for a perfectly 
Seebeck [8] in 1852 published 


the exact expression for the natural frequencies and 


flexible filament. 


verified his result experimentally with a stretched 
wire. A hundred years later, Kenworthy and Jen 
nings [4] also verified Seebeck’s findings in a more 
rigorous test with a rod under tension. 

lor the present work, it is convenient to work 
not with the exact result, which involves finding the 
solution of 


numerical a transcendental equation, 


a | Wg, where W’ is the 


acceleration of gravity in em. /sec 


weight in grams and g is the 
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but rather with an approximation in a finite number 
of powers of a “stiffness factor” defined as 


a (4EI/PT)}. (3) 
Here i 


(dynes/cm.*), and J 


elastic modulus of filament material 
moment of inertia of fila- 


ment about neutral axis (cm.‘). 


The quantity / 
may be written J = y5*, where y is a shape factor ; 
for a diameter d, J nri'/64, whence 
7 1 The filaments used in the present work 
are nearly circular, and y is taken as 1/4 through- 
out. 


circle of 


4r. 


In the following section, where both stiffness and 
nonuniformity are to be considered, it will be neces- 
sary to neglect powers of @ higher than the first 
In the present section, where only uniform. fila- 
ments are considered, it is possible to study effects 
involving aanda’®. It turns out that to this degree 
of approximation equation (1) must be replaced 
by the following expression for the natural fre- 
quencies f,: 


Ti nfo[1 t+ a+ (1 + 1.234n*)a? |. (4) 


This result, or the equivalent form of it appearing 
as equation (8) of reference [5], is the basis for the 
theoretical predictions of this section. 

kor the experimental work, tungsten wire of 
0.001-in. nominal diameter was used. Two diam- 
eters at right angles were measured by a microscope 
at 2-mm. intervals along a 50-mm. length of wire. 
The deviation from circularity was negligible in the 
calculation of the stiffness correction. The average 
diameter was found by this method to be 25.9, the 
maximum diameter along the length being 26.2, 
and the minimum 25.6u—-that is, the filament was 
uniform along a 50-mm. length within +167. The 


elastic modulus of the tungsten was determined to 


be 3.69 & 10" dynes /cm.*, by measuring the slope 


of the initial portion of the force-extension curve 
as obtained with 25-cm. lengths in a tensile-testing 
machine. 

The natural frequencies f, for from 1 to 5 were 
determined by varying the frequency of the driving 
source at three fixed tensions to obtain maximum 
amplitude of vibration in the electrostatic vibro- 
scope (cf. [5 ]). The length of the filament between 
supports was measured with a cathetometer to a 
precision better than 0.1%. The frequency was 
read from the logarithmic scale of a calibrated 
oscillator to a precision of 0.10% ; the reproducibility 
of tuning to maximum amplitude was of the same 


order. The oscillator was calibrated against line 
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frequency (60 c.p.s.) by Lissajous figures on an 
oscilloscope screen. The line frequency was veri- 
fied to be 60 c.p.s. to within 0.20% by checking 
against a The 
frequency meter was checked against an electric 
clock.* 
weight to a tab attached to the lower end of the 
fiber. 


vibrating-reed frequency meter. 


The tension was applied by hanging a 
The tab and weight were weighed on an 
The 
entire experiment was carried out in a conditioned 
room maintained at 70°F and 6507 R.H. 

From the data the total mass of the filament, 


analytical balance to an accuracy of 0.1%. 


pS], was computed by the simple formula, equations 
(1) and (2), and by the corrected formula, equation 


(4). 


The data of Table I may be put into a little 


The results are shown in Table I. 


different form to emphasize the departure of the 
overtones from a harmonic relation in the presence 
of stiffness. The anharmonicity €,», between the 


nth and the mth modes is defined as 


Exum = (mf, — thm) /Nfm- (5) 


To second-order terms in a, the theoretical relation 
of equation (4) leads to 


Enm = 1.234 (nm? — m?) a’. (6) 


* It is believed that the line frequency is actually closer to 
its nominal value, insofar as its effect on the calibration is 
concerned. The vibrating-reed meter cannot be read any 
closer than 0.2°, but calibrations repeated at intervals of 
days and weeks fail to show any deviation within 0.107 from 
a constant value for the line frequency. 


PABLE I.) Errrectr or StieFNesS IN MASS DETERMINATION 
BY THE VIBROSCOPI 


(0.001-IN. TUNGSTEN WIRE; / = 3.70 CM.) 


’= 1.402 g.; a = 0.0405 
n 
fu (~/sec.) 
fn/n (~/sec.) 
pSl—uncorr. (ug.) 
pSl—corr. (ug.) 


: .; a = 0.0329 
n 4 5 
f, (~/sec.) 1280 2015 3285 
fr/n (~/sec.) 640 654 657 
pSi—uncorr. (ug.) 45 342 328 326 
pSl—corr. (ug.) 370 366 372 


518 ¢.; 0.0302 
n 3 4 
fn (~/sec.) 1391 2099 2834 
f,/n (~/sec.) 696 700 708 
pSl—uncorr. (ug.) 344 340 333 
pSl—corr. (ug.) 369 369 367 
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Table Il shows as tunctions of m and n between the 
values 1 and 5 the calculated values of €,,, given 


by equation (6) and the observed values given by 
equation (5) for the last set of data in Table I. 
The agreement is seen to be good for all pairs of 


values except those involving the fourth mode, a 
conclusion which would be anticipated from the 
results of Table I. 

To establish definitely that support motion and 
internal or external damping have negligible etfect 
on the resonant frequencies, the same filament was 
vibroscoped over a wide range of tensions at con- 
stant length, and the same type of filament was 
vibroscoped at varying length under constant ten- 
sion. Figure 1 shows as a function of tension, W, 
the total mass, pS/, computed from the vibroscope 
data for both the first and second modes of vibra 
The 


computed by the simple formula of equation (1), 


tion. two lower curves show the mass as 


rABLE If. ANHARMONICITY INTRODUCED BY STIFFNESS 
CALCULATED AND OBSERVED €,») IN PERCENT 
(0.001-IN. TUNGSTEN WIRE; / 3.70 cm.; W 


2.52 G.) 


m = i m= 2 m 3 m= 4 
Cale. Obs Cale. Obs Obs Cak Obs 
0.3 4 

0.9 4 

1.7 


/ 
2.7 + 


+ 


5 
TENSION (g) 


Fic. 1. Effect of tension on filament mass as deter 
mined vibroscopically. Filament: 0.001 in.-diameter tung 
sten wire. Lower curves: values not corrected for stiffness. 


Upper line: corrected values. 
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and the straight line above shows the mass as com 
puted by the corrected formula of equation (4). — It 
is evident that the correction is larger at smaller 
that is, 


bar and 


tensions and at the higher mode as the 


filament vibrates more like a less like a 


string. Figure 2 shows as a function of length the 
mass per unit length, pS, computed from the vibro 
scope data for both the first and second modes of 
vibration. Again the curves show the uncorrected 
and corrected values. With the exception in Fig 
ure 1 of the corrected masses for small tensions in 
the first mode, and in Figure 2 of the corrected 
masses per unit length for long leneths in the first 
mode, there is no evidence for any spurious effect. 
In these exe eptional cases the resonant lrequen ies 
are quite low, and we believe that the values are 
erroneously, high because of the added mass ot au 
dragged along by the vibrating fiber 

The filament used to obtain the data of Figure 1 
Was weighed on an Ainsworth Mic robalance, Type 
DJ, in order to get a direct measure of its weight 
The extremes for the corrected values of total mass 
at tensions above 2 v. are seen in Figure 1 to be 
366 and 369 pe 


367.5 ue. 


, which lie within 0.5¢7, of the mean, 
The microbalance weighing gave 366 4 
y bY., in exe ellent agreement, 

ew textile fibers are uniform enough to permit 
a study of the stiffness effect apart from the com 
plicating influence of nonuniformity; hence, thei 
study is postponed to the next section, where the 
joint effect of stiffness and nonuniformity is con 


sidered. 


MASS PER UNIT LENGTH (ug7em) 


10 20 


LENGTH (cm) 


Fic. 2 kiffect of length on filament linear density as 
determined vibroscopically 0.001 in.-diameter 
tungsten wire. Lower curves: values not corrected for stiff 
Upper line: corrected values 


Filament 


ness. 





Effect of Nonuniformity and Stiffness 


The existence of nonuniformities in cross-sectional 
area along the filament may destroy the validity of 
equations (1) and (4), and may shift the positions 
of the nodes in the higher modes of vibration, as 
well as disturb the harmonic relation of the over- 
the 
analysis of the effect of nonuniformity it is con- 


tones even when stiffness is negligible. in 


venient to write the variation of the cross-sectional 


area, S, with distance along the fiber, x, in the form 


S(t) = S.[1 + n(€) J, (7) 


where the “reduced length,” & is defined as 


&=x/l, (OC E<1) (8) 


and where .S, is a constant. If S, is taken as the 


mean area, S, averaged over the entire length 
that is, if 


S,= 8 | S(é) dé (9) 


then n(£) will be the fractional deviation of the area 
from the mean, and will serve to describe the non- 
uniformity. 

We next introduce the apparent areas, S,, which 
is defined as follows: 


7(1 + a)? 


P (10 
4l°p(f,/n)? ie 


The S, are simply the areas calculated from the 
vibroscope data under the assumption that the fila- 
ment is uniform. It is shown in reference [6 ], 
equations (27) and (30), that to first-order terms 
the area increment o, between the mean area, S, 


and the apparent area, Sj, is 
= *l 
o1 (S — §,)/S; = | n(é)uy(&) dé, (11) 


where the weight function “4, is defined as 
u,(£) cos 2ré. 


The corresponding relation for a» is 


+ 
Se) /Se = | n(é)uolé) dé, (13) 


where the weight function a. is defined as 


U»(£) cos 4ré. (14) 


higure 3 shows plots of m; and uw», against &. 
Another way of looking at the effect of nonuni- 


formities on the natural frequencies ts to study the 
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anharmonicity between overtones. It is shown in 
reference [6] that to first-order terms the anhar- 
monicity €2; between the frequencies in the second 
and the first modes is equal to 


[ n(E)va(€) dé, 


eo 
where the weight function vs; is defined as 


Val) = sin wé-sin 37é. (16) 


shift the 
nodes from their positions along a uniform fiber. 
It is shown in reference [6 | that to first-order terms 


The presence of nonuniformity may 


the displacement of the central node in the second 


mode from the center (£ = 4) is equal to 


*) 


b12 = n(&)wyo(E) dé, 


. « 
where the weight function wy, is defined as 


-4(1 + cos 4mrt) = —3 sin? 2x 


1(1 — cos 47€) = 


Figure 4 shows plots of v and wy, against &. 

To verity the theoretical predictions of equations 
(11), (13), (15), and (17), a set of textile fibers was 
electrostatically vibroscoped to determine the nat- 
ural frequencies in the first and second modes; for 
some of the fibers the position of the central node 
in the second mode was measured. From the data 
there were calculated the apparent areas S; and S», 


The 


the anharmonicity €2;, and the nodal shift 6,2. 


FUNCTION 


WEIGHT 


1.0 


Fic. 3. Weight functions u,(&) and u2(&) for deter- 
mining area increments o, and G2, respectively, plotted 
agatnst reduced length, &. 
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same fibers were measured by the microscope with 
a reticular eyepiece to determine the form of the 
area variation, S(é). After the area variation along 
the entire fiber was obtained, the deviation, (£), 
was multiplied by the appropriate weight function 
of equations (12), (14), (16), or (18). 
ing integrand was plotted, and the corresponding 
integral of equations (11), (13), (15), or (17) was 


Phe result- 


obtained graphically. 

Since in the present study we are concerned with 
the precision of the vibroscope method rather than 
with the physical properties of the fibers, we shall 
usually calculate the total mass, pS/, instead of the 


area, S, in order to eliminate any extraneous effects 


due to stretching or uncrimping the fiber as the 
tension is increased, or to uncertainty in the value of 
density, p. In a similar manner the apparent areas 
S; and S» will be replaced by the apparent masses 


pSil and pSal 


Buenos Aires Wool 


A tull set of 
B.A.’s single fibers withdrawn from fleece staples 


measurements Was made on four 


and extracted in ether and alcohol. A sample 


length of about 35 mm. tor each fiber was vibro- 
scoped in the first and second modes under tensions 


WEIGHT FUNCTI 


°o 


Fic. 4. Weight function v,(&) for determining an 


harmonicity €2; and weight function w\2(&) for determining 


nodal shift bi plotted against reduced length, é 


825 
ranging trom 1g. to 3g \t each tension a cathe 
tometer was used to measure the over-all length, /, 
and the position of the central node, Ero. The 
apparent masses p5S,/ and pS./ were calculated for 
each tension, the value of @ being computed from 


separate measurements to determine the clastic 


modulus and the moment of inertia 


Fable 111 


Each fiber was then placed in a frame under a 


The results 
are shown in 


tension of a gram or so, and its diameter was meas 
ured with a microscope at intervals of 1 mm. along 
the fiber. The fiber was rotated through 90° about 


its axis, and the diameter 


Was again measured at 


the same points along the fiber The cross-sectional 
area Was assumed to be that of a circle of diameter 
equal to the average ol the two diameters at right 
angles. For fibers of small ellipticity the error is 
slight. The solid curve of Figure 5 shows for fibet 
no. 101 the area, S, plotted against distance along 


the fiber, x, and against the reduced length, uv / 


FABLE TIL. Visroscors 
SINGLE Woot 


Dara FOR B.A.'s 
FIBERS 


Fiber Weight 
No (y.) 


Length f f 

(cm.) p ) (e.pes 

101 0.620 3.8 R38 
1.060 3.3 1097 
1.620 1349 
2.092 1528 
2.652 1722 


092 +8 1855 


1690 
2205 
718 
3075 
3460 


3730 


Asawa 
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TABLE IV. CaLcuLaTep AND OBSERVED Mass INCREMENTS, ANHARMONICITIES, AND Nopat SHIFTS 
ror B.A.’s SINGLE WooL FIBERS 

Fiber Mass ai (%) a2 (%) €2) (°F) b12 (%) 

No. (ug-) Cak Obs Cale Obs Cak Obs Calc. Obs 
101 57.3 +1.7 +-1.6 +0.7 +04 +0.5 +-0.6 1.6 + 1.4 
102 55.9 + 1.4 +1.9 -2.7 -1.8 +2.0 +1.9 +1.3 +1.1 
103 86.3 1.1 -0.9 ‘ —0.8 0.5 0.1 ~0.1 ~0.3 =i (2 
104 56.3 +29 + 3.7 0.5 +-().7 11.2 +1.6 0.1 + 0.6 


The horizontal dashed line is 5, the arithmetic 
average of the ere ss-sectional area. The curves for 
the other B.A.’s fibers are of the same type. 

After the microscope measurements the fibers 
was 


were vibroscoped again to see if there any 


change due to handling and to check the repro- 
ducibility of measurement. The earlier readings 
were all reproduced within a few parts per thousand. 
Phe fibers were then cut from their tabs and sec- 
tioned into portions light enough to be weighed on 
a quartz-fiber balance ol capacity 15 ug. The re- 
sults of the weighings are given in Table IV. 

The procedure to get the various functionals 0), ¢2, 
€,, and 442 will be iustrated by calculating €2:1 for 
fiber no. 101. [.S(é) —§)] S, 
obtained from Figure 5, is multiplied by v21(), the 
€; given as equation (16) 
The 


dashed curve ol 


The quantity (&) 


weighting function for 
and shown as the dashed curve ol Figure 4. 
resulting product is plotted as the 
Figure 5. The area under the curve is propor- 
tional to e. The value calculated according to 
this procedure is +0.5 % 10%. The value found 
experimentally is +0.6 X 107’, according to the 
data of Table [11 and the definition in equation (5). 
The agreement is well within the expected amount 
of several parts per thousand, and is perhaps 
fortuitously good. The corresponding computa- 
tions for the nodal shift 612 give for the calculated 
value +1.6 X 107%, and for the observed value 
te — § = +1.4 X 10%. 

For the mass increments o; and a2 the calcu- 
lated values are +1.7 X 10 6.7 < 10° 
respectively. The determined 
from the apparent masses and the actual weight of 


and 
observed values, 
57.3 wg. measured with the quartz-fiber balance, are 
$1.6 X 10°? and +0.4 X 10 
within a few parts per thousand, is undoubtedly 


The agreement, 
fortuitous, since the precision of the balance under 
the conditions of the experiment 1s probably no 
better than 5 to 10 parts per thousand. 

For the other B.A.’s fibers similar results are 
Table IV summarizes the data tor all 
For the anharmonicity 2 and the 


obtained. 
four fibers. 








nodal shift 6,2, the disagreement between calculated 
and observed values does not exceed several parts 
the limit of precision expected from 
the 
a», the disagreement gets as high as 


per thousand, 


the techniques employed. — For mass incre- 
ments a, and 
one part in a hundred, a result not surprising in 
view of the relatively low precision ol the quartz- 
fiber balance. However, no trend is evidenced in 
any of the comparisons, and it is believed that no 
svstematic error is involved in either the caleula- 


tions or the experiments. 


Domestic 58's Wool 


As a sample more characteristic of apparel wools 


than the B.A.’s, two fibers were withdrawn from a 


DISTANCE x (cm) 


200 









1.) 
= wis I 
a +200 
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-100 
- -200 
Oo "6 Vy Yo 2/3 S/g | 
DISTANCE & 

Kia. 5. Graphs to illustrate computation for anhar 


mon ity €») for a B.A.’s wool fiber. Upper curve: plot 
as a function of distance along 


Lower 


of cross-sectional area, 5, 
fiber; n(&) is the deviation from the mean value. 
curve: product of 9(&) and voi (£). The anharmonic ity 
€, is proportional to the net area under the lower curve. 
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ach fiber 
three approximately equal parts. 


domestic 58's top. was sectioned into 

The resulting six 
parts were vibroscoped in the first and second modes 
under various tensions, the position of the central 
The form 
of the area variation was determined by microscope 


node in the latter mode being measured. 


measurement, and the mass of the fibers was ob- 
tained by weighing on the quartz-fiber balance. 
The crimp in these 58’s fibers characteristicalls 
is much more pronounced than in the B.A.’s, and 
it is important to see what effect the crimp has on 
cross-sectional 


the vibroscopic determination of 


area. Figure 6 shows the variation of length, /, and 
apparent masses pS,/ and pS»l with tension, 7°, for 
the center section of one of the domestic 58’s fibers 
It is seen that the mass is essentially independent 
of the tension even while the crimp is being removed 
under increasing tension. Thus, the mass per unit 
length, as obtained with the v ibroscope, is the mass 
per unit length of the fiber in its crimped state 
(that is, per unit distance along the straight line 
connecting the ends of the fiber), and not per unit 
length along the fiber in its actual curved configu- 
ration. Asa consequence, the cross-sectional area 


obtained by dividing the linear density by the 


volume density is larger than the actual cross- 
sectional area in the ratio of the uncrimped Jength 
to the crimped length under the tension of measure- 
ment. In most applications of the vibroscope the 
tension can be chosen large enough to render this 


effect negligible. 


Ww 
oO 


ay 
w 
LENGTH (cm) 


| ‘ 1 | oa | _ 20 


0.5 1.0 1.5 
TENSION (g) 


Kic. 6. Effect of crimp on fiber linear density as dete) 
mined vibroscopically. A domestic 58’s wool 
vibroscoped under varying tension, and the total mass and 
the length are plotted against the tension. It is seen that 
as the length increases with the tension, the total ma 
remains constant—that ts, the vibroscope method gives thi 
mass per unit crimped length. 


fiber is 
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Unfortunately for the present work, the apparel 
wool fibers were highly irregular, and it was not 
possible to get an accurate representation ot S(£) 


Neverthe 


less, €2; and 6,5 (but not 0; and os) were calculated 


without a prohibitive amount of labor 


with a representation based on observed diameters 
The 
data for all six parts of the two fibers are sum 
Table V. 


mass as determined on the quartz-fiber balance, 


at everv millimeter along a 35-mm. length 


marized in Phere are included the total 
the uncrimped length as measured at higher loads, 
the 
d (4m/mlp)', with p taken 
70°F and 65°; R.H. 


Inspection-of the data for es; and 6). shows that 


and derived quantity, equivalent diameter 


as 1.305 g./em. for 


wool at 


the discrepancies get as large as some 15 parts per 
thousand, much larger than they were for the B.A.’'s 
fibers. Moreover, the discrepancy is as likely to 
be in one direction as in the other, or indeed to be 
very small. We believe that the ex essive disagree 
ment arises in the inadequate measuring of the area 
variation, with the consequence that the calculated 
€o, and 6,5 are not very meaningful. 

As yet we have said nothing about the mass as 
computed from the vibroscope data. The apparent 
masses p.S\/ and pSol may be computed immediately, 
but we have no idea of what correction to apply 
It is worth while to try the assumption that the 
nonuniformity is the superposition of a linear taper 
and a sinusoidal bulge. Then, according to equa 


tion (49) of reference [6], the mass is given by 


pS!) pl Zhen) = pSil(1 Fé) (19) 


Here €21 is taken as the observed value in Table V 
Fable VI gives the apparent masses p.S,/ and pS», 
the 
weighed on the quartz-fiber balance 


the corrected mass (pS/),, and mass, m, as 


In no case does the dis repancy exceed 0.4 yg 


This agreement is satisfactory, since the precision 


TABLE \ CALCULATED AND OBSERVED ANHARMONICITIES 
AND Nopat Suirrs FOR Domestic 58's 
SINGLE Woo.” FIBERS 


bequiy 
Fiber Mass 
No (uy .) 


34.5 


Length diam 
(cm.) (yu) 
3.00 
center 31.4 3.05 31.7 
tip IR YD 4.01 


root $3.5 


30.6 


33.9 2.76 34.6 
2.88 33.7 


2.97 29 6 


root 
center 33.6 


tip 26.7 
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of the vibroscope measurement is perhaps 0.1 to 


().2 pg., and that of the balance measurement about 


0.3 py. 
tuitous, in view of the arbitrariness involved in the 


However, the agreement may still be for- 
assumption about the form of the area variation. 

If the apparent mass pS,l had been taken directly, 
the values for the mass would be rather seriously in 
error. But if the apparent mass pSol had been 
taken directly, the values for the mass would be at 
least as good as with the corrected mass (pSI), 
It is tempting to conclude that apparel wool fibers 
can be handled by the simple artifice of using pSol 
without correction, but much more investigation 
will be required before the reliability of this pro- 


cedure can be assessed. 


Nylon Filament, 3-Denver 


A set of measurements was made on four single 


withdrawn from a continuous- 


A sample length of about 35 


3-den. filaments 
filament nylon tow. 
mm. for each filament was vibroscoped in the first 
and second modes under tensions ranging from 0.2 g. 
to 20g. 
form, and the nodal shift was so slight that it could 


The form ot 


These fibers were fine and quite uni- 


not be measured with any precision. 
the area variation was determined by microscope 
measurement, and the mass of the fibers was ob- 
on the quartz-fiber balance. 
the 


cross 


tained by weighing 
The equivalent diameter was calculated from 
observed mass on the assumption of circular 
the density being taken as 1.146 g./cm.° 


The 


section, 


The data are summarized in Table VII. 


rABLE VI. Mass or Domestic 58's SINGLE Woo.” FIBERS 


Fiber pil pSol (pSI), m (pSl).—m 

No (ug) (ug) (ug) (ug.) (ug.) 
1—root 35.4 34.4 34.1 34.5 —().4 
1—center 31.6 41.1 31.0 31.4 —0.4 
1—tip 29.5 29.1 29.0 28.9 +01 
2—root 34.9 34.4 34.3 33.9 +-0.4 
2—center 35.0 34.0 33.8 33.6 +0.2 
2—tip 25.6 26.6 26.9 26.7 +-().2 






rABLE VII. 


CALCULATED 


Equiv 


AND OBSERVED Mass INCREMENTS AND 


3-DEN. SINGLI 
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the calculated and observed 
that between the mass 


agreement between 
anharmonicities is excellent ; 
‘ncrements is good, except for fiber no. 3003, and 
the absolute error is only about 0.3 yg. 
uniform that the 


and it is doubttul 


even here 
However, the fibers are so nearly 
corrections are hardly necessary, 
if they improve the accuracy. The chief merit of 
this part of the experiment is to show that the tech- 
nique is suitable for low-denier synthetics. 

It will be noted that for the same nominal diam- 
eter, the equivalent diameter varies considerably 
from fiber to fiber, even though a given fiber is 
highly uniform. 


Nylon Filament, 30-Denier 


To get samples of distinct nonuniformity in 
samples amenable to microscope measurement, 
30-den. nylon filaments were heated and 


The 


elastic modulus was found not to be changed greatly 


single 
drawn by hand to introduce irregularities. 


by this treatment, and the change in stiffness cor- 
rection was accordingly small. Two filaments (nos. 
30001 and 30002) were kept as controls. 
filaments (nos. 30101-4) were selected to have a 
thinned central region, and four (nos. 302014) to 
Two others (nos. 30301-2) could be 
The thinning and 


Four 


have a taper. 
described only as “irregular.” 
taper 
variation being highly nonuniform. 


are only general descriptions, the actual area 


The form of the area variation along the fiber 
The 


sec¢ ynd 


was determined by microscope measurement. 
fibers were vibroscoped in the first and 
modes, the nodal shift in the latter mode being 
observed in certain cases. “The mass of each fiber 
was determined directly on an Ainsworth Micro- 
balance, Type FDJ, which is kept in a room con- 
trolled with respect to temperature, but not with 
respect to humidity. Hence there is some indefi- 
niteness in the microbalance weights because of 
uncertainty in the regain adjustment, and we are 


reluctant to claim a precision greater than 4 ug. 


\NHARMONICITIES FOR 
NyLOon FIBERS 


Fiber Mass Length diam. a; (“) ax (“o) ex (“o) 
No. (ug.) (cm.) (n) Calc Obs Calc. Obs Calc. Obs 
3001 16.4 4.13 22.1 +0.5 +1.0 —(.5 +0.1 +-0.5 +0.5 
3002 10.9 1.00 18.3 1-().7 0.9 —0,5 —0.6 0.6 +0.7 
3003 22.2 3.96 26.2 +0.7 +1.2 —1.0 —().2 +0.8 +O0.8 
3004 . 3.98 . $1.5 . 0.3 . 0.6 +0.4 


* Fiber was lost during weighing ; value unavailable. 
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Because of the low precision of the microbalance 
weighings, it was not worth while to record the 
observed mass increments. Moreover, it was con- 
sidered too laborious to calculate all the functionals 
for all twelve fibers. Hence the fibers were arbi- 
trarily divided into two groups of six fibers each, 
the two controls and tour thinned fibers forming 
one group, the four tapered fibers and the two 
irregular fibers the other. In the former group the 
emphasis was put on the calculated mass increment, 
the latter on shift. both 


groups the anharmonicity was studied. 


and in the nodal For 


The data for the first group of 30-den. nylon 
Table VIILA. 


the column for the fiber number, there is a 


fibers are presented in Following 
set 
of three columns giving the following information 
the apparent mass pS,/, as calculated from the 
vibroscope data by equation (10); the mass incre- 
ment o;, as calculated from the microscope data 


according to the integral in equation (11); and the 


mass corrected for nonuniformity (pS/);, according 


to the first equation of (11). (Here the subscript 1 


has been added to indicate that the result ts based 
on the fundamental frequency.) The next set of 
three columns gives analogous data for the second 
mode. The mass, m, as determined with the micro- 
balance, and the calculated and observed values for 


the anharmonicity 2; are also given. 


TABLE VIILA \PPARENT MASSES AND 
Fiber if o1 


No (% 


Control 
30001 133 
30002 3 


(pSI), pSel 


3 


Lhinned 
30101 
30102 
30103 
30104 


NmeNm NM w 


we & Ww 
~! 


™~ 


rABLE VIIITB. Masst \NHARMONICITIES, AND 


Fiber 
No 
la pe red 
30201 
30202 
30203 
30204 


ps» ! (pS/ ) 


(ug.) (yy.) 


Irregular 
30301 
30302 


\NHARMONICITIES FOR 


Nopal 


829 


It will be noted that the corrected mass trom the 
first mode, (pS/);, is in excellent agreement with 
that from the second mode, (pS/).; that none of the 
corrected masses lie outside the limits of precision 
of the microbalance weighings; and that the calcu 
lated and observed anharmonicities are in excellent 
agreement. 

The data for the second group ol 30-den. nylon 
fibers are presented in Table VIIIB. 


column for the fiber number, there is a set of three 


Following the 


columns giving the following information: the ap- 
parent mass pS,/, as calculated from the vibroscope 
data by equation (10); the apparent mass p5)/, 
obtained in the same way; and the correc ted mass 
(pSI),., 


nicity €2; by means of the relation of equation (19). 


as computed from the observed anharmo- 


The mass, m, as obtained by the microbalance, and 
the calculated and observed values of the anhar- 
monicity €; and the nodal shift 6,5 are also given. 

It will be noted that none of the corrected masses 
lie outside the limit of precision of the microbalance 
weighings; that the calculated and observed anhar 
monicities are in acceptable agreement; and that 
the calculated and observed nodal shifts are in 
excellent agreement. 

In reference [6] it is pointed out that under 
the assumption of an irregularity consisting of a 


linear taper and a sinusoidal bulge, the values 


30-DEN. SINGLE NYLON FILAMENTS 
(pS/) 
(ug.) (ug.) 
134.3 
133.0 


SHIFTS FOR 30-DEN. SINGLE NYLON FILAMENTS 


€21 (") 
Cak Obs 


2 (%) 
Obs 


+().2 
L(Q).8 
+-(),2 
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and positions of the extrema are expressible in 
terms of the anharmonicity between. the first and 
second modes and the nodal shift in 
mode. 


the second 
That reference cites formulas for the values 
and positions of the extrema. We have applied 
the formulas to those fibers for which the values 
of ex; and 6). are available in the present work, 
and have compared the results with those from 
the microscope measurements. 
that worth 
recording, and we have concluded that for neither 
the natural nor the synthetic fibers studied can 


The comparison is 


so unsatisfactory the results are not 


the values or positions of the extrema be deter- 


mined with any success by use of vibroscope data 


alone. This result, while disappointing, is hardly 
surprising, since the extrema Syji, and Sax are 
affected strongly by sharp irregularities occurring 
over a short distance, whereas the functionals €, 
and 6,2 are modified but slightly by such non- 
uniformities. 


Conclusions 


The experimental studies on tungsten wire and 
on wool and nylon fibers by the vibroscope, micro- 
scope, and microbalance lead to the following con- 
clusions: 


1. The vibroscope affords a means of measuring 
accurately the linear density of a filament, and 
hence of determining the mass of a filament ol 
known length, and the cross-sectional area of a 
filament of known density. 

2. The effect of air damping, internal damping, 
and support motion in lowering the natural fre- 
quencies is negligible, except possibly at low reso- 
nant frequencies. 

3. The effect of stiffness in raising the natural 
frequencies follows the predictions of theory, and 
can be taken into account simply. 

4. The effect of slight nonuniformity in changing 
the. natural frequencies and in shifting the nodes 
follows the predictions of theory, and can be taken 
into account, though not simply in the general case. 

5. The effect of stiffness and nonuniformity, when 
present simultaneously, follows the theoretical pre- 
that they 


diction act independently if both are 


small. 
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6. The effect of crimp, when stiffness is small, is 
negligible, provided that all measurements are re- 
ferred to the crimped length of the fiber under the 
conditions of measurement. 

7. So far as its effect on natural frequencies is 
concerned, the nonuniformity in an ordinary textile 
fiber may often be represented as a combination of 
a linear taper and sinusoidal bulge; then the correc- 
tion for nonuniformity is expressible in terms of the 
deviation from harmonicity between the frequencies 
in the first and second modes. But the positions 
and values of extrema in cross-sectional area along 
the fiber cannot be determined from the vibroscope 
data alone. 
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Abstract 


A quantitative technique has been developed in which 


swollen in sodium hydroxide, 


centrifuged to remove 


of cotton fiber is 
liquid from between the fibers, and_ re 


a weighed sample 


weighed to determine its percentage increase in weight, the latter quantity being designated here 


as the fiber’s “alkali-centrifuge value.” 
two types of causal factors 


The results obtained have been found to be related to 
namely, (7) the prior action of deteriorative agencies on the fiber, 


apparently especially on the outer wall of the fiber, and (2) the wall thickness of the fiber 
(as reflected in arealometer air-flow measurements ) 


The fiber-deteriorative 
alkali-centrifuge 
filtrates from 
weathering 
others. 


value of cotton fiber 


microbial growth media, 


The new test is simple, 


laboratory equipment, and is essentially free 


aspects of the methodology of the test are 


Introduction 


In the course of an investigation of microbial de 


terioration of cotton fiber, a new method of meas- 
uring one of the effects of microorganisms on the 
fiber was devised. Subsequently, it was found that 
the effects of certain other types of deteriorative 
agencies could also be detected by the same tech- 
nique, and that with undamaged fiber the results 
reflected the The present 
paper describes the method. Detailed data on the 
application of the test to the solution of specific 


fiber’s wall thickness 


problems will be included in subsequent reports 
The method was devised after a consideration 

of the observations of a number of previous workers 

who concerned themselves with the microscopic ex 


amination of alkali-swollen cotton fiber. Fibers 


which have been acted upon by any of several types 


of deteriorative agencies, such as microorganisms, 


heat, acids, or mechanical shock, may be seen to ex 
hibit an unusually high degree of swelling in con- 


centrated sodium hydroxide or in certain other 


alkaline solutions. “This behavior appears to result 


* This is a more detailed presentation of a_ technique 


originally described in a paper given before The Fiber So 
ciety, in Clemson, S. C., Apr. 17, 1952 


agencies which have 
include micro-organisms, 
sodium 


The microbial and enzymatic effects have been studied in more detail than the 


rapid, inexpensive, quite highly reproducible, 
from safety 
re ported 


been shown to bring 


about changes in the 
certain enzymatically active 
hydrochloric heat, and 


hypochlorite, acid, 


involves only standard 


hazards to the operator. Several 


from the fact that the swelling of the undamaged 
fiber is limited by a restrictive effect of its outer wall 
[8] and that this limitation is removed to some de- 
gree whenever the outer wall is weakened or broken 


agency |1, 2, 3, 4, 6, 8, 13] 


by a deteriorative 
Two microscopic tests for damage in cotton fiber 


{13] and the 


$|—make use of the above 


namely, the Fleming-Thaysen_ test 
iS a 


The Congo red test has been found to be 
this 


Congo red test 
principle. 
laboratory in the detection ot 


very useful in 


certain types of fiber damage. However, both of 
these microscopic tests are unduly time-consuming 
and taxing on the eyes for certain types of experi 
ments in which large numbers of quantitative results 


are needed 


The Standard Method Described 


A. standard which 


technique was worked out 
seemed to be most desirable from the standpoints of 
reproducibility, ease and speed of performance, and 


general applicability 


Samples may be tested singly 


or several at a time; testing in groups of six ot 
eight was found to be efficient when large numbers 


of determinations were to be made. Except as 
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otherwise specified in particular experiments, the 


technique used consisted of the following steps: 


(1) Weigh a 250-mg. sample of well-mixed cotton 
fiber on a chemical analytical balance in a room main- 
tained at 21°C and 65% R.H. 
a 50-ml. beaker with about 25 ml. of water contain 


1 


ing 0.05% 


Place the sample in 


of the wetting agent Aerosol OT (de- 
scribed as 100% pure sodium salt of dioetyl suc 
cinate) and allow to stand for 10 min. 

(2) Remove the fiber from the water with a dis- 
secting needle, blot it free of excess water, and place 
it in a suitable flask or bottle with 50 ml. of a solu- 
tion containing 180 g./l. of NaOH, A.C.S. reagent 
grade. Shake the sample in this solution on a 
mechanical shaker for 15 min. at 21°C (Figure 1, 
no. 1). 

(3) Filter the fiber out of solution by the use of a 
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porcelain Gooch crucible, without suction (Figure 
1,no.2). The crucibles used are of 40-ml. capacity, 
with holes 0.7 mm. in diameter. Except with very 
badly deteriorated samples, little if any fiber should 
pass through the Gooch crucible in the first filtra- 
tion; in case any small amount does go through, it 
can be recovered by a second filtration through the 
fiber mat. Transfer the fiber to an &-ml. fritted-disc 
filter c. acible, medium porosity. 

(/) Place three short sections of glass capillary 
tubing into the bottom of a 40-ml. centrifuge tube, 
put the fritted-dise crucible containing the swollen 
fiber on top of the capillary tubing, and cover the 
tube with a rubber cap (Figure 1, no. 3). 

(5) Centrifuge the tube and contents at 1,200 r.p.m. 
for 10 min. with a radius of centrifugation of 14.3 


cm. (as, tor example, on an International centrifuge, 


Fic. 1. Apparatus involved in 
carrying out the alkali-centrifuge 
test: (1) machine for shaking fiber 
during swelling in alkali; (2) 
Gooch crucible in place in mouth 
of bottle for filtering swollen fiber 
out of alkali; (3) centrifuge tube 
with capillary tubing supporting 
fritted-disc crucible (swollen fiber, 
not shown, goes into crucible) ; (4) 
centrifuge, with tachometer and 
vartac. Initial and final weighings 
of the fiber are made on a standard- 
type chemical analytical balance. 
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size 1) (Figure 1, no. 4). A standard-type, hori- 
zontal, 8-place head is used, and the radius of cen 
trifugation is measured to the fritted glass plate in 
the crucible. A period of 1 min. is allowed to bring 
the speed to 1,200 r.p.m. and the 10-min. period of 
centrifugation is measured after the attainment of 
this speed. A variac is used in series with the cen- 
trifuge for accurate control of the speed, which is 
measured by a standard type of tachometer. 

(6) Transfer the centrifuged fiber mass to a 
weighing bottle, and weigh it on a chemical analyti 
cal balance. 

(7) Calculate the percentage increase in weight of 
the fiber by subtracting the original sample weight 
from the weight after centrifuging to obtain the ab 


solute increase in weight, dividing this quantity by 


the original sample weight, and multiplying by 100. 


The resulting figure is termed the “alkali-centrifuge 
value” of the fiber. 

xcept as otherwise noted, tests on fabric were 
preceded by unravelling so that swelling would not 
be restricted by the fabric structure. 

Two microscopic methods of use in supplementing 
the alkali-centrifuge test are the Congo red test and 
fiber 


microscopic measurements of alkali-swollen 


width. The Congo red test was conducted accord 


ing to the method described by Bright [1], with 


VALUES 


ALKALI- CENTRIFUGE 


4 


675 ’ a? 


AREALOMETER READIN 


Fic. 2. Alkali-centrifuge values and arealometer read 
ings for unweathered, undamaged fiber from potassium 
deficient plants in a fertilizer experiment at Florence, 
S.C., crop of 1952. Each point represents results of the 
two determinations on fiber from a single boll, the in 
dividual bolls showing widely varying degrees of re 


sponse to the potassium deficiency in the thickness of 


the fiber walls. High-density plugs were used. In con 
trast to the fiber of damaged samples, the samples with 
high alkali-centrifuge values in this series showed no 
evidence of fiber damage in the Congo red test. 
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NaOH 
The alkali-swollen fiber width was meas 
NaOH 180 g./1., 


movable-scale 


swelling in a solution containing 180 g. of 
per liter. 
with a 7.5 


ured in solution, 


micrometer after swelling 


C in NaOH of the same 


eyepiece, 
the fiber for 15 min. at 21 


concentration. 


Dependence of Test Results on Wall Thickness 
of the Fiber 


In early attempts to use the alkali-centrifuge test 
as a measure of fiber deterioration, certain initially 
puzzling differences in results were noted among 
were considered to be 

The 


traced to variations in the wall thickness of the fiber. 


what undamaged fiber sam 


ples cause of these differences was later 
Since this relationship requires recognition in sey 
eral types of possible application of the test, it is 
discussed first. 

The possibility of a relationship existing between 
alkali-centrifuge values and wall thickness was first 
suspected when chalazal fibers, those characteristi 
thin-walled fibers which 
end of the 


unusually high alkali-centrifuge values 


cally originate on the 


rounded seed, were found to exhibit 
In a typical 
instance, chalazal fibers had a value of 244, as con 
188 for nonchalazal 


Tests 


trasted with fibers taken from 


the same seeds. were then run on a series 
of fiber samples of varying wall thickness from cot 
ton plants grown with a deficiency of potassium. It 
is well known that thin-walled cotton fibers may ox 
cur under practical farm conditions as a result of a 
deficiency in the supply of potassium available to the 
plant, and that they may be produced experimentally 
field by 


the amount of potassium supplied in the fertilizer 


under suitable conditions in the limiting 
The degree to which the deficiency limits fiber wall 
development varies from boll to boll within a single 
field or plot and even among the different bolls on a 
single plant 

49 if 
plants of the 
Florence, S. C The 


\ll samples were col 


Collections of seed cotton were made from 
bolls On) 


Coker 100° grown at 


ferent potassium-deticient 
variety 
bolls varied greatly in size 
lected within a few hours of opening, and none had 


] The 


heen rained upon fiber from each boll was 
placed in a small envelope, and determinations were 


made of surface per unit weight on an arealometer 
[7] (a reflection in this case of wall thickness ) and of 
value \ high 


between the values (7 98), the 


alkali-centrifuge correlation was 


found two data 





&34 


heing plotted in Figure 2. The high level of correla- 
tion observed was probably related at least in part 
to the elimination of sampling error by carrying out 
the two determinations on the same fiber 
the 153-mg. plugs 
centrifuge similar 


Le., using 
alkali- 


(data not 


arealometer also as 


samples. In tests 
shown) on unweathered fiber of the varieties Acala, 
Stoneville, Deltapine, and Rowden grown at thirteen 
Jelt in 1947, 1948, and 
The 


plants in this case were all believed to have been 


locations across the Cotton 


1949, a similar relationship was also seen. 


well fertilized, limitation of wall development prob- 
ably being related to inadequacy of water supply to 
the plant, to root, vascular, and leaf diseases, to 
nematode attack, etc., as well as to inherent differ- 
ences in the fiber structure. 

A reasonable explanation of the observed rela- 
tionship between alkali-centrifuge and arealometer 
values on undamaged cotton appears to lie in the 
fact that among fibers of similar perimeter, the thin- 
ner the secondary wall, the larger the lumen cavity 
into which internal swelling of the secondary wall may 
take place before the restrictive effect of the outer wall 
is encountered. In a definite weight of thin-walled 
fibers, the cellulose present is distributed among a 
larger total number of fibers and has a larger total 
volume of lumen space into which it is able to swell 
than is the case with an equal weight of thicker- 
walled fibers. Since it is known that fibers of inter- 
mediate wall thickness do not entirely fill the lumen 
during swelling in 18% NaOH, one must assume 
that the restrictive effect of the outer wall on internal 
swelling becomes operative before the lumen is 
entirely filled with swollen cellulose. 

The very considerable magnitude of the alkali 
absorption observed with the alkali-centrifuge test 
seems to rule out the possibility that the differences 
in amount of NaOH taken up by undamaged sam- 
ples are merely a reflection of differences in the 
amount of external adsorbing surface per unit weight 
of fiber. Even glass fiber, which is only 6.7 » in 
width as compared with about 25 for cotton, in- 
creased only 18% in weight when tested by the 
standard alkali-centrifuge method. If the proposed 
explanation of the observed relationship in cotton is 
a correct one and differences in amount of breakage 
of the outer wall of the fiber during swelling are not 
involved as a determining causal factor, then one 
might expect to find relatively constant, low, or 
negligible Congo red values among the samples of 
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Kigure 2. This, in actuality, turned out to be the 
case, five samples with alkali-centrifuge values of 
172, 225, 282, 301, and 338 yielding less than 3% 


evenly red-stained fibers in the Congo red test. 


The Effect of Deteriorative Agencies 
Microbial Growth 


Increases in the alkali-centrifuge value of cotton 
fiber as a result of prior growth of microorganisms 
on it were noted under several different experi- 
conditions. 


mental One of the simplest of these 


conditions involved incubation of the fiber in an 
atmosphere saturated with water vapor after dust- 
ing upon it spores from a pure fungus culture, a 
method deseribed previously {11}. 
both 
values and aqueous-extract pH [11] on samples in- 
cubated in this fashion with Cladosporium 113. 
Unpublished data show that the alkali-centrifuge 


increases observed under the conditions of Figure 3 


Figure 3 shows 


the results of determining alkali-centrifuge 


are accompanied by major increases in Congo red 
values and in swollen-fiber width. 
In contrast to the above-mentioned humid-atmos- 
phere type of incubation, most recent published data 
relating to tests with fungi incubated on cotton have 
involved a more or less continuous liquid film of 
water in contact with the fiber [12]. The inocu- 
lum is often supplied as spores in an aqueous 
i.e., With a 


suspension. Under such circumstances 


liquid film of water present on the fiber—and espe- 
cially if growth-stimulative mineral salts are added, 
the fiber frequently shows a much more rapid change 
in alkali-centrifuge value than that seen in Figure 3. 


ALKALI-CENTRIFUGE VALUES 


A 


DAYS INCUBATION 


Fic. 3. Effect of incubation in a saturated atmosphere 
with the fungus Cladosporium *¥113 on alkali-centri- 
fuge values and aqueous-extract pH of raw cotton fiber. 
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\ simple experiment illustrates this point. Two 
small (200 mg.) strips of unbleached muslin satu 
rated with a mineral-salts solution * to 
stimulate fungus growth were placed in 100-cc., flat- 
sided bottles. 


suitable 


The bottles were capped, sterilized in 
an autoclave, and cooled, and the strips were inocu 
lated with spores of .W/yrothecium verrucaria ®1334.2 
and incubated for 24 hrs. at 30°C. At the end of the 
incubation, the alkali-centrifuge value of the fabric 
had risen from an original level of 219 to 292, a 
Chaetomium globosom *1042.4 
under similar test conditions caused a smalier but 


very large increase. 


clearly significant increase—namely, to 251. 

to in the alkali- 
centrifuge value of raw cotton fiber as a result of 
incubation with 


The ability cause increases 


it- has been noted for numerous 
fungi, including several .lspergilli and Penicillia, 
Chactomium, Humicola, Trichoderma, and others. 
Limited experiments to date have not disclosed the 
phenomenon with yeasts or with the common aerobic 

In cases in which microbial 
but the alkali 


centrifuge value is small, a question may arise as to 


spore-forming bacteria. 
growth is abundant increase in 
whether this increase is brought about by the fiber 
itself or merely represents alkali absorption by the 
microbial tissue. In such cases, increases in micro- 
scopically measured alkali-swollen fiber width are 
frequently found to have occurred, thus indicating 
that the alkali-centrifuge increase is actually due to 
the Increases in 


additional absorption by fiber. 


alkali-centrifuge value are frequently so very large 


in comparison with the amount of microbial tissue 

*The term “mineral-salts solution” as used throughout 
this paper refers specifically to a solution of the following 
salt concentration: NH,NO,, 1.0 g./l.; KH,PO,, 0.90 g:/L.; 
K,HPO,, 0.70 g./l.; MgSO,-7H.O, 0.75 g./! 


rABLE I. VALUI 


MEDIA Of 


IN ALKALI-CENTRIFUGI 
FROM THE GROWTH 


INCREASE 
FILTRATI 


or CoTroNn FIBER AS 


83 


tor 
This 


is true, for example, in the case of the experiment of 


present that they can reasonably be accounted 


only in terms of absorption by the fiber itself 
Figure 3. 


Filtrates Microbial Growth Media 


from 


values 


When had 


been found to result from the growth of fungi on 


increases in alkali-centrifuge 


cotton fibers, it seemed reasonable to inquire if the 
same response might not also be produced by fil 
trates from their growth media, the action being at 
tributable to an active agency released into the me 
dium by the fungus. Filtrates from the growth 
media ot several fungi were tested and were found 
active in this regard. An experiment in which each 
of several fungi were observed to form the active 
agency may he reported as follows: 

Raw-cotton mats weighing | g. were placed imto 
the bottom of 500-ml. 
40 mi. 


flasks were plugged and sterilized in an autoclave ; 


Ierlenmeyer flasks and satu 


rated with of a mineral-salts solution; the 


later the samples were inoculated by needle with 
spores of the several fungi and incubated under pure 
at 30°C \t the end 


of the incubation period, the liquid was squeezed out 


culture conditions for 7 days 
of the fiber mats by hand and filtered successively 


through coarse-, medium-, and fine-porosity 30-ml 
The filtrate 


predetermined 


fritted-glass filter crucibles 
diluted 


water, and 250-mg. test samples of well-mixed un 


was then 


by various amounts with 
damaged raw cotton (alkali-centrifuge value of 223) 
were exposed for 1 hr. to 25-ml. portions of the 
250-mil. 
The fiber had been moistened with water and 


the 


several dilutions in 
30°C, 


blotted 


Ikrlenmeyer flasks at 


before addition of filtrate in order to 


4 RESULT OF 1-HR. EXPOSURI 


FUNGI; ALSO pH oF FILTRATE* 


ine) 
SEVERAI 


Increase in alkali-centrifuge values after 


Fungus used to produce 


filtrate Oo 5x 


Alternaria sp. #122.1 37 25 
Aspergillus flavipes #36 124 16 
Chaetomium globosum # 138 57 
Cladosporium sp. #113 136 128 
Diplodia gossypii #136 102 10 
Fusarium moniliforme #102 159 147 
Humicola sp. #1.2 46 33 
VW yrothecium verrucaria # 1334.2 154 144 
Penicillium simplicissimum # 33 171 154 
Thielavia sp. #46 149 89 


1042.4 


* Fungi were grown 7 days in static culture on cotton 


exposure to filtrate at a dilution of: 


pH of filtrate diluted 


25™ 50 100 x 200 


11 11 11 9 
14 8 9 
18 10 14 
66 x0 18 
3 ) | 
10 19 14 
fa 13 10 
97 39 27 
108 : 5 10 
4] : 19 22 


mats saturated with a mineral-salts solution 
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After the exposure 
period, the pH of the filtrate solutions was meas- 
ured; the exposed fiber samples were placed directly 
into 18% NaOH, and their alkali-centrifuge values 
determined. The 
shown in Table I. 


facilitate wetting by the latter. 


results of the experiment are 
It is clearly apparent from the 
data that each of the several fungi tested produced 
a material of moderate or high activity in causing 
an increase in the alkali-centrifuge values of cotton 
fiber. A rather wide range in pH was observed in 
the several active filtrates and in their active diluted 
solutions. Four of the fungi listed in the table 

namely, Alternaria, Cladosporium, Fusarium, and 
Diplodia—are_ of 


weathered in the field prior to harvest [9]. 


common cotton 
M yro- 


thecium-produced filtrates were among the most 


occurrence on 


active, which is one of the main reasons for the use 
of this fungus in numerous later tests. It may be 
noted that the filtrates produced by the different 
fungi exhibited marked differences in the degree to 
This find 
ing may indicate a fundamental difference in the 
enzymatic factor formed by the different fungi, but 


which dilution diminished their activity. 


could also be caused by differences in the effect of 
dilution on secondary nonenzymatic factors’ which 
affect enzyme action. 

In an experiment with filtrate from the growth 
of M. verrucaria it was shown that the action of the 
filtrate on the alkali-centrifuge value of cotton is ac- 
companied by a pronounced increase in Congo red 
value and also by a distinct increase in microscopically 
measured swollen-fiber width, and that filtrate ac- 
tivity as measured by each of the three criteria is de- 
stroyed by autoclaving the filtrate for 30 min, at 15 
Ibs. steam pressure. The data concerned are shown in 


Table II. 


The quantitative relationship between al- 


rABLE II. Errecr or AUTOCLAVING Myrothecium FILTRATt 
ON Its Activity AS MEASURED IN TERMS OF ALKALI- 
CENTRIFUGE VALUE, CONGO RED VALUE, AND 
SWOLLEN-FIBER WIDTH OF FIBER EXPOSED 
rO THE FILTRATE 


Congo red Swollen- 
K 

value fiber 
(©; red-stained width 


fibers) (u) 


Alkali- 
centrifuge 
value 


Treatment of 
fiber 


None, unexposed 

control 204 
Exposed to unauto 

claved filtrate 364 
Exposed to auto- 

claved filtrate* 214 


* Autoclaved for 30 min. at 15 Ibs. steam pressure. 
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kali-centrifuge values and alkali-swollen fiber width 
for filtrate-treated fiber was shown in an experiment 
in which fiber exposed to M yrothecium cotton mat fil- 
trate was tested by both methods at a series of dilu- 
At water dilutions of 0,5, 10,25, 50,and 100 x, 
such filtrate in a l-hr. exposure produced increases 


tions. 


in alkali-centrifuge values of 124, 115, 99, 70, 57, and 
40, and corresponding increases in swollen-fiber 
width of 9.4, 7.1, 6.1, 4.0, 3.4, and 2.4, the unex- 
posed control width being 26.2 p. 

Although the tests of Table I .were not carried out 
with filtrates known to be entirely cell-free, experi- 
ments have shown that MJ yrothecium filtrates treed 
from living cells by passage through a Morton bac- 


terial filter and tested on sterile fiber under entirely 


sterile conditions will still produce results of the 
type shown in Table I. 


TABLE III. Errect or Hyprocuitoric ACID AND OF 
Soptum HypocHLORITE ON THE ALKALI-CEN- 
rRIFUGE VALUES AND STRENGTH OF 
UNBLEACHED Corton Duck 


\lkali- Strength 
centrifuge loss 
values (%) 


1 3.N acid at 20°C, 0 228 0 


$75 cc. volume, I day 260 39 
11 strips 5 


Period of 
exposure 


I xperi- 
ment Experimental 


No conditions to acid 


3 days 285 56 
4 days 291 62 
5 days 296 66 
6 days 305 69 
11 days 322 77 


-LNacid at 85°C, 0 0 
100 cc. volume, $ hr. : 24 
2 strips 1 hr. 38 
2 hrs. 
4 hrs. 
6 hrs. 73 
8 hrs. i 78 
16 hrs. 


.O1N acid at 85°C, 0 

100 cc. volume, 4 hr. 

2 strips 1 hr. 
2 hrs. 
4 hrs. 
6 hrs. 
8 hrs. 
16 hrs. 


.03.M NaOCl at 0 

70° C, 100 ce. 15 min. 

volume, 2 strips 30 min. 
45 min. 


mem NM Nw 
mS 


Nm MN 
anu wn Ue + 
_ a a 
So © 


Nm Nw 


2.8 
5.6 
8.8 


NmhNm he Nw 
onutN 
const ww OO 


* After exposure to undiluted Myrothecium filtrate for 1 hr., 
the control and acid-exposed strips corresponding to those in 
this column yielded alkali-centrifuge values of 328, 330, 344, 
330, 316, 330, 338, and 294, respectively, indicating that 
swelling capacity had not been seriously impaired by the 
action of the acid withia the fiber. 
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HCland NaOCl 


Since acids and hypochlorite are of practical im- 
portance in the degradation of cotton, several alkali- 
centrifuge tests were run with cotton previously ex- 
posed to these materials. In certain cases, strips of 
©” duck ) 
used, these strips being 6 in. long and ravelled down 


an &-oz., unbleached cotton duck (* were 
from 1} in. to 1 in. in width at the beginning of the 
experiment. After the exposure, the strips were 
washed thoroughly, allowed to dry under room con- 
ditions, maintained at 21°C and 65% R.H. for 24 hrs., 
and broken with a 3-in. breaking span on a pendulum 
tvpe Scott tester. The circumstances of the exposure 
and the results of the experiments are shown in 
Table III. In comparison with the strength test, the 
alkali-centrifuge test was not highly responsive to the 
action of the HCl. With the NaOCl treatment, on 
the other hand, it was very responsive in comparison 
with strength. A check test which was run to deter- 
mine if NaOCl-induced increases in alkali-centrifuge 
values were accompanied by increased alkali-swollen 
fiber width disclosed that this was the case. Alkali 
centrifuge values of 213, 278, 306, and 319 after 0, 
15, 30, and 60 min. of bleaching were accompanied 
by fiber widths of 25.9, 29.6, 30.9, and 33.9 p, re- 
spectively. Ravellings from cotton fabrics worn and 
weakened in service have been found to yield high 
alkali-centrifuge values, often in the range 300-400. 
It is presumed that in at least some of the samples 
tested these high values resulted, principally from 
the repeated use of hypochlorite laundry bleaching 
solution. 

It is commonly stated that enzymes are able in very 
low concentrations to bring about reactions at room 
temperature which are possible only at high concen 
trations or high temperatures (or both) with inor- 
It seemed of interest, therefore, to in- 
quire into the relative effectiveness of \/yrothecium 


ganic reagents. 


rABLE ITV. Comparartivi 


FILTRATE, HypROCHLORIC 


Vyrothecium filtrate 


Alkali- 
centrifuge 


Concentration value 


Undiluted 377 10. 

5x diluted 367 8M 
25 diluted 320 6M 
50 diluted 284 5M 
100 diluted 262 3M 
200 diluted 250 2M 


* All exposures were at 30°C for 1 hr. with 250 mg. of test fiber and 25 c« 


EFFECT ON ALKALI-CENTRIFUGI 
\cIb, 


Hydrochloric acid 


Concentration 
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filtrate as compared with HCl and NaOCl under com 
parable test conditions at room temperature in bring 
ing about alkali-centrifuge increases of raw cotton 
fiber. Table IV it ts 
Myrothecium filtrate was highly 
When diluted 25 
effective as 10.\J HCl and more effective than 
NaOCl (a 1 
household laundry bleach ) 


From the data of seen that 


effective by com 
was almost as 


14.1] 


a Como concentrated 


parison. times, it 
5 dilution of 
Dilutions of Myrothectum 
filtrate as great as 1,000 * have produced highly sig- 
nificant changes in alkali-centrifuge value of the ex 
posed fiber Ina 4 day period of exposure of the 
fiber under sterile conditions, \/yrothecium filtrate 
diluted 1,000 


fuge value of 40. 


caused an increase in alkali-centri 


Heat 


The effect of dry heat on the alkali-centrifuge value 
and strength of cotton was tested by exposing 6 in 
1 in. ravelled strips of unbleached cotton duck to 
temperatures of 125°C, 145°C, and 165°C in a stand 
ard laboratory type convection oven for periods of 2, 
4,8, and 16 hrs 


Figure 4. 


The results obtained are shown in 
In these tests the alkali-centrifuge value 
was moderately with 


responsive in comparison 


strength as an indicator of fiber deterioration. How- 
ever, the common criterion of browning of the fiber 
was also responsive. [ven the least severely heated 
samples showed a visible color change when matched 
against the original fabric. In individual I-min. ex 


posures to a temperature of 250°C in an electric 
muffle furnace, ten unbleached duck strips lost an 
average of 9.5% of their strength, rose in average 
centrifuge value to 253, and showed distinct browning 

In laboratories lacking an air-conditioned room in 
which to weigh fiber samples for the alkali-centrifuge 
test, it would seem desirable for precise experimental 


work to reduce the samples to a low and relatively 


VALUE oF Corton FIBER OF 
AND SopiumM HypocHLorire* 


Exposure 10 Myrothecitum 


Sodium hy pon hlorite 
Alkali- 


centrifuge 


Alkali- 
centrifuge 
value 
326 14. 94 
280 028M 264 
267 O14.M 260 
270 007 M 258 
7 OO35.M 246 
/ 


value Concentration 


25 
24 


of liquid 
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constant or negligible moisture content before weigh- 
ing. This would introduce the problem of whether 
or not oven drying would injure the fiber sufficiently 
to cause a change in the alkali-centrifuge value. It 
was found that drying to a constant moisture loss oc 
curred either at 50°C in a forced-draft oven or at 
105°C in a convection oven without a change of more 
than possibly 4 units in alkali-centrifuge value. At 
the higher temperature, fabric with an original value 
of 200 exhibited increases to 204, 208, and 216 after 
heating periods of 5, 16, and 64 hrs., with a moisture 
loss of 5.2% for each of the heating periods. The 
fiber in this experiment had been equilibrated at 65% 
R. H. and 70°C before heating in the oven. 

Autoclaving of fiber in mineral-salts solution of the 
type used here in fungus growth media was considered 
as a possible cause of changes in alkali-centrifuge 
value and consequent possible experimental error. 
\utoclaving under these circumstances and at 15 Ibs. 
steam pressure for 15 min. and 30 min. caused in 
creases of 4 and 7 units in centrifuge values, respec- 
tively. The 15-min. sterilization is adequate for most 
purposes, so that the error involved is relatively small. 
Dry-heat sterilization at 75°C for 1 hr. did not affect 
the centrifuge value. 


Prolonged Dry Storage 


Cotton may be stored for prolonged periods with 
little or no effect on its alkali-centrifuge value. This 
conclusion was derived from an experiment involving 
71 samples of raw cotton harvested in 1935, 1936, and 


1937, stored under uncontrolled but relatively dry 


indoor conditions as ginned lint, and tested in De- 
cember, 1952, by both arealometer and alkali-centri- 
fuge methods. The average values obtained in. the 
two methods were 443 and 193, respectively. Re- 
ference to Figure 2 shows that an alkali-centrifuge 
value of 193 is normal for an undamaged cotton 
with a high-density-plug arealometer reading of 443. 


Weathering 


Weathering of cotton in the field prior to harvest 


generally causes rather moderate increases in alkali- 


centrifuge values of the fiber. [-xperiments (Table 
V) indicate that the increases are more pronounced 
during considerable rainfall. 
When rainfall occurs during the period of boll open- 
ing, the previously described microbial tight-lock [10] 


frequently occurs, and fiber from such  tight-locks 


exposures involving 
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ALKALI-CENTRIFUGE VALUES 


PERCENT STRENGTH 


Fic. 4. Alkali-centrifuge values and © strength loss 
of unbleached 8-oz. cotton duck strips after exposure to 
dry heat for 2, 4, 8, and 16 hrs, at 125°C, 145°C, and 
165°C. 
may exhibit very high centrifuge values—i.c., in the 
range of 270-370—accompanied by high Congo red 
As a result of the findings of Yelland | 14| 
to the effect that sunlight produces a change in cotton 


values. 


fiber which makes it more resistant to microbial ac- 
tion, it was thought that possibly sun-exposed fiber 
would be more resistant to Myrothecium filtrate. 
When the unweathered and weathered 1952 Stone- 
ville samples (Table V) were exposed to Myrothe- 
cium filtrate at 0, 5, 25, 50, and 100 x dilution, the 
alkali-centrifuge results were 371, 355, 284, 244, and 
225 for the unweathered as compared with closely 
similar results, 360, 346, 279, 255, and 234, for the 
weathered cotton. The data thus did not indicate any 
distinct weather-i: duced increase in enzyme-resist 
ance as measured by this test. 

Changes in the alkali-centrifuge response of cotton 
fabric during weather exposures have not been stud 


ied extensively. [Experimental samples of untreated 


and chemically “weatherproofed” samples of tobacco 
seed-bed netting were exposed to the elements above- 
ground at Florence, S.C., for a period of 15 weeks in 
the fall of 1952, a very rainy period. All samples 
rose from a level of about 190 to about 350. Samples 
of an unbleached muslin exposed at Beltsville on 
weathering racks in 1952 exhibited large increases in 
alkali-centrifuge value. For some unknown reason 
both these Beltsville samples and the Florence-ex 
posed netting developed aqueous-extract pH values 


of lower than pH 5.0 during weathering. 
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rABLE V. 


Year 


1948 
1948 


Location 


Florence, S. ¢ 
Shafter, Calif. 


1950 
1951 


experiment, Ga. 
Florence, S. C 


Florence, S.C 
Experiment, Ga. 
Stoneville, Miss. 


1952 
1952 


1952 


Inches of rainfall 


35 weeks 


EFFECT OF WEATHERING OF COTTON IN THE FIELD PRIOR TO HARVEST ON Its ALKALI-CENTRIFUGE VALUI 


Change in alkali-centrifuge value 
of fiber weathered for 


10 weeks 


(cumulative) 

10 weeks 5 weeks* 

+55 

+11 

+ 3] 35 

+63 +8 
+1 


+10 


5S + 


5 
7 
l 


\lkali-centrifuge values of the unweathered samples in the order listed were 192, 210, 189, 202, 186, 178, and 205. 


Processing 


\ series of 37 paired samples was available in the 
form of both raw stock and corresponding second 
drawing sliver from spinning evaluation tests car- 
ried out on experimental cottons produced by this 
Division and spun by the U.S.D.A.—P.M.A. spinning 
laboratory at College Station, Texas. The raw stock 
samples averaged 205 in centrifuge value, while the 
second-drawing slivers averaged 216, the latter be 
ing in all 37 cases higher than the former in the indi 
vidual pairs. Damage in the nature of bruising or 
tearing at localized spots on the fiber during various 
types of mechanical processing might quite conceiy 
ably be serious without being readily detectable in the 
alkali-centrifuge test, because the additional swelling 
associated with this kind of effect might be small rela 
tive to the total swelling. For the detection of this 
type of damage the Congo red test has obvious 
advantages. 

It was of interest to note the general magnitude 
of alkali-centrifuge values of unbleached and bleached 
cotton taken directly from unused cotton fabric and 
other types of new cotton articles. The fiber was 
ravelled before testing. The sources of the fiber and 
results obtained on unbleached items were as follows 
242), string (220), pocket 


(191), muslin bag (198), muslin fabric (185). On 


scrub mop (221), twine 


bleached items, the following values were noted 
sock (231), batiste (248), darning cotton (252), 
broadcloth (255), muslin (258), wash cloth (262), 
(274), handkerchief (278), bandage 
(279), Indianhead (283), bandage (290), bandage 


cheesecloth 


(303), and pereale (335). These values on the 


bleached items did not check at all with microscopi- 
cally measured alkali-swollen fiber widths, the latter 


values, in the same respective order, being 26.2, 23.2, 


24.2, 24.2, 26.5, 26.5, 25.9, 27.6, 25.5, 24.5, 25.2, 26.5, 


and 27.8 p. The pereale fabric showed no evidence 
The differ 


ences in centrifuge value for the bleached items miay 


of fiber damage in the Congo red test. 


have been associated with differences in the fraction 
of amorphous cellulose present, but this possibility 
has not been investigated. 


Reproducibility of the Method and the Effect 
of Variations in It 


As a material on which to study the effect of varia 
tions in test conditions on the results obtained, two 
series of raw fiber samples were used which had been 
incubated with the fungus Cladosporium #113 in pure 
culture for varying lengths of time in a saturated at 
mosphere according to a previously deseribed method 
EEE 

The reproducibility of the method was determined 
by running five successive tests on the Cladosporium 
incubated samples, each centrifuging including a sam 
ple corresponding to each of the five incubation pe 
riods. The variability in the results obtained (‘Table 
V1, exp. A-1) was small, of the order of magnitude 
which had been expected on the basis of previous pre 
liminary tests. None of the five successive tests gave 
results which were consistently very high or very 
low throughout in comparison with the average of 
all five tests. The average for the five runs is used 
as a basis for comparison with results in others of 
the A-series experiments. 

In order to determine which are the more critical 
features of the method as possible sources of error, 
experiments were carried out in which deviations 
from the standard conditions were intentionally em 
ployed. 

Although the effect of temperature on the degree of 
swelling of cotton in alkali has been investigated 


many times, it was not clear just what might be the 





TABLE VI. 


\LKALI-CENTRIFUGE MrE1HOD 


DATA FROM EXPERIMENTS TO DETERMINE 
(DESCRIBED ON P. 
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RESULTS BY THE STANDARD 


EFFECT OF 


tHE REPRODUCIBILITY OF 
831) AND THI 


VARIATIONS IN THE METHOD ON RESULTS OBTAINED* 


Experiment 


Alkali-centrifuge values for sample incubated: 


No. 


Test conditions 


A-1 Standard, set 
Standard, set 
Standard, set 
Standard, set 
Standard, set 


tH: th tb Gh H 


average 


Standard, except swelling at 31°C 


Standard, except radius of centrifugation = 15.3 cm. 


(standard = 14.3 cm.) 


Standard, except centrifuged 20 min. 
(standard = 10 min.) 


Standard, except centrifuged at: 1,100 r.p.m. 
1,300 r.p.m. 
(standard = 1,200 r.p.m.) 


Standard 

Standard, except 15°, NaOH 
Standard, except 120% NaOH 
Standard, except 99% NaOH 
Standard, except 6°, NaOH 
Standard, except 3° NaOH 
Standard, except 0°, NaOH (water) 


B-2 Standard, except on dewaxed fiber 


0 days 


194.0 
197.1 
197.8 
198.3 
196.1 


196.7 


183.7 


199.7 


194.3 


203.1 
199.1 


189.0 
192.4 
162.8 
95.4 
65.6 
55.0 
38.6 


190.6 


4 days 


204.2 
205.6 
205.0 
203.0 
203.6 


204.3 


190.7 


203.4 


201.0 


205.0 
201.6 


190.7 
194.0 
159.9 
95.0 
69.1 
56.6 
36.8 


208.6 


7 days 
237.2 
237.1 
240.9 
238.8 
240.3 


231.3 


239.8 
234.4 


215.0 
220.2 
182.0 
95.0 
66.2 
54.2 
39.7 


231.2 


14 days 


292.3 
285.6 
290.1 
289.1 
297.3 


290.9 


281.2 


290.7 


283.4 


293.6 
290.0 


249.1 
264.6 
210.4 
101. 
ke 
54. 
43.2 


259.4 


28 days 


330.7 
329.6 
336. 
*32. 
331. 


332.0 


321.6 


331.0 


329.8 


331.7 
324.2 


343.3 
356.8 
299.8 
108.4 
74.2 
S.7 
49.1 


348.9 


*Samples had been incubated prior to test for the indicated number of days in a saturated atmosphere with the fungus 


Clidosporium #113. 


relative magnitude of this influence ina test of the type 
here under consideration in comparison with the ef- 
fect of the fungus growth which it was desired to 
measure, As may be seen from Table VI (exp. A-2), 
a difference of 10°C (between 21°C and 31°C) pro- 
duced a significant change in the results obtained. 
Although very much smaller in magnitude than the 
differences produced by the fungus, the effect was 
nevertheless large enough to be of importance in many 
kinds of experiments. 

The radius of centrifugation is subject to some vari- 
ation in the standard test as a result of small and un- 


avoidable differences in the length of the capillary 
tubing in the centrifuge tubes. 


However, intentional 
alteration of the radius from the standard 14.3 cm. 
to 15.3 em. by shortening the tubing caused only a 
very small difference in the results obtained, as may 
he seen by comparing the results at 15.3 em. (exp. 
1-3) with the average figures for the 14.3-cm. tests 
of eXp. « 1-1. 

Increasing the time of centrifugation over that in 
the standard method caused decreases in the values 
obtained (Table V1, A-4). 


though increasing the time of centrifugation might 


exp. I lowever, even 


Samples of A series were from one incubation, and of B series from a second incubation. 


have brought about improvements in the reproduci 
bility of the results, it was thought that the reproduci- 
bility at the 10-min. period was adequate for the pur- 
Since it was desired to hold down the 
over-all time required to carry out the test, the 10- 
min. centrifugation time was maintained. 


poses in view. 


Alteration in the speed of centrifugation from the 
1,200 R.P.M. level of the standard procedure to 1,100 
and 1,300 produced relatively small changes in the 
results obtained (Table VI, exp. A-5). 

It was thought that some error might occur in the 
standard procedure as a result of slight differences in 
the time which the centrifuged fiber was allowed to 
remain in the centrifuge tubes before transferal to the 
weighing that interchange 
through the vapor phase might occur between the 
solution in the bottom of the tube and the centrifuged 
sample. 


bottles—t.e., moisture 


When comparisons were made between val- 
ues for fibers transferred to the weighing bottle im- 
mediately after centrifuging and those transferred 
after an hour, the differences in results obtained were 
very small (data not shown). 

The shaking needs to be fairly vigorous for the 


15-min. shaking period specified. A 30-sec. shaking 
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of the bottles by hand, followed by allowing the sam 
ples to stand in the NaOH for 1 hr., produced results 
(not shown) which were 7-15 units lower than the 
standard-test averages of exp. 4-1. If no shaking 


machine is available, however, some such method 
might prove of some value. 

The effect of concentration of the NaQH on test 
results was investigated. These experiments were 
carried out on a second set of samples obtained from 
a separate incubation with Cladosporium *113, and 
the absolute level of centrifuge values for this series, 
the B series of samples, differs somewhat from those 
in the 4 series because of a difference in the growth 
rate of the fungus. 

Although the results at 1502 NaOH (exp. B-1) 
showed a slightly greater range than those at 18°, a 
considerable number of experiments had already 
heen run at the 180. concentration and the superiority 
of the 15% concentration did not seem great enough 
to warrant changing to it. The results with water 
alone show, in general, a small but significant increase 
with increasing period of incubation, and one might 
possibly assume that a “water-centrifuge test” of this 
type would quite generally show trends among sam 
ples similar to those found by the alkali-centrifuge. 
test. Results to be detailed in a later contribution 
indicate that this is not so. Water-centrifuge re 
sults on weathered samples such as those of Table V, 
for example, show a definite decrease as a conse- 
quence of weathering, as do also samples subjected 
to mild dry heat 

The waxy layer on the outer wall of the fiber may 
exert a slight effect on the results obtained. When 
the Cladosporium-incubated samples of the 2 series 
were quantitatively dewaxed by a 6-hr. hot ethyl 
alcohol extraction, as for the Conrad method of wax 
analysis [5|, the extracted samples yielded somewhat 
higher centrifuge values (Table VI, exp. B-2). How- 
ever, it was beleved that differences of this magnitude 
could be accounted for by the fact that the alcohol 
several 


removes noncellulosic 


from the 
fiber, and consequently the sample weighed after wax 


substances 


extraction contained more alkali-absorbing cellulosic 


material than was the case with the original samples. 
In addition, the heat of the alcohol during extrac 


tion (approximately 78°C) may have caused some 


damage to the outer wall during the long extraction. 


Summary 


experiments on cotton fiber with an alkali swell 


ing-centrifuge-weight increase test have been de 


S41 


scribed, and various aspects of the methodology of the 
The 


dure as here presented is very simple and practical 


test reported upon. standardized test proce 

It has been found useful in experiments involving the 
action of microorganisms and microbial growth-me 
dium filtrates on cotton, and may ultimately prove of 
value also for various other applications suggested by 
the data presented 
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Fabric Uniformity from Top Blending of Wool 
with Rayon or Nylon 


Alfred R. Macormac and Harriet Harvey Reed 


Bureau of Human Nutrition and Home Economics, Agricultural Research Adminis 
tration, U.S. Department of Agriculture 


Abstract 


uniformity attained by top blending, fibers were 


finished fabrics made of eight blends of 3-den 


To determine the counted in samples ot 


rayon or nylon with coarse or medium wools 
Phe composition by number of fibers was then converted into composition by weight. The re 
sults agree with the manufacturing specification and with chemical analyses by the potassium hy 
droxide method. The average of samples consisting of at- least 500 fibers indicates that. the 
blending is uniform. When fibers of different diameter and density are blended, the composition 
by number of fibers differs markedly from the composition by weight, as would be expected 
Che composition by number of fibers is a factor in the dyeing, finishing, and hand of the finished 


fabric and should be taken into consideration in the manufacture of blended fabrics 


Tue SHORTAGE of domestic fine wool for ap 
parel fabrics has necessitated a search for means of 
extending the present supply. As one means, syn 
thetic fibers are sometimes blended with coarse or 
medium wools to produce fabrics resembling fine 
worsted material, In the manufacture of such ma 
terial, the practical method of combining fibers is on 
a weight basis. However, owing to differences in 
diameters and densities, the composition by number 
of fibers may not be the same as the composition by 
weight. In dyeing and finishing, the relative num 
ber of each of the fibers should be a major considera- 
This also affects the hand and feel of the fin- 
ished fabric. 


tion. 


In blends of this type, the problem of producing 
yarns with a specified percentage of each fiber uni- 
formly distributed is greater than when all the fibers 
are of similar density and diameter. 

The purpose of this research was to determine the 
uniformity in blends of wool with nylon or rayon in 
fabrics made of fine rayon or nylon staple fibers (3 
den.) mixed with coarse (48-50's) and medium (56 
58’s) wool. A count of the individual fibers in yarns 
taken from the finished fabrics provided the data for 


appraising this uniformity, Chemical analyses of the 
fabrics were made in order to compare the composi 
tion with the manufacturing specifications and to eval 
uate the accuracy of the results obtained by the fiber 
count method, 


Materials and Methods 


The blends used in this study were designed to ap 
proximate the hand of a 64's worsted suiting by com- 
bining coarser wools with the finer nylon or rayon 
staples. In producing the experimental fabrics, no 
special difficulties were encountered in_ processing 
and 50% of the 3-den. 
staples with 48's and 56's wool. 


oe 


- ¢ 


mixtures containing 


Kight whipcord fabrics were, studied, which were 
10-0z., 70 by 66 twills of exactly the same construc 
tion and of the following composition: 1—50% 48 
48-50's wool, 25% 
rayon; 3—50% 56-58's wool, 50% rayon; 4—75% 
56—58's 50% 48-50's 


75% 48-50's wool, 25% nylon; 7 


50's wool, 50% rayon; 2—75% 


wool, 25% rayon; 3 wool, 


50% nylon; 6 


500% 56—-58's wool, 50% nylon ; 8—75% 56—58's wool, 


25% nylon. 
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The nylon was 3-den. semidull crimped _ staple, 
variable cut 34 to 5 in. in length. The rayon was a 3- 
den. dull crimped staple, 34 to 6 in. in length. Both 
were considerably finer than the wools. 

The wools were made into tops by a regular in 
dustrial process. The rayon and the nylon tows were 


All the 


They were 


made into tops, using the Pacific Converter. 


tops were approximately 262 grains/yd. 


blended by two gillings and four drafting operations, 


followed by a rover, and spun on a conventional ring 
spinning frame. The single warp varns were twisted 
into 2-ply varns, wound on a reel, and then on the 
loom beam for weaving. The fabrics were woven on 
a two-by-two automatic 42-in. worsted loom with fill- 
ing bobbins alternating every two picks. For the 
and three 
strands of rayon or nylon were run in the first gill 
box. 


50-50 mixtures, three strands of wool 


The total draft was 47.55 and the number of 
doublings 2592. three 
strands of wool and one of rayon or nylon were used, 
and the draft was 46.85 with 2504 doublings 


For the 75-25 mixtures, 
For 
the filling, single 20’s yarn was used, and the warp 
varn consisted of 2-ply 28’s having an S twist in the 
ply and a Z twist in the singles. All fabrics were 
sheared, steamed, and finished in exactly the same 
manner to give a nonshrinking 36-in. cloth with a 
clean surface and smooth back. 


Experimental Procedure 

The uniformity of blending by this method of manu 
facture was determined by counting, with the aid of 
a microscope, the individual stained fibers in samples 
of both warp and filling yarns from the finished 
fabrics. A magnification of 100 was used. Counts 
were made on specimens prepared by two different 
methods, longitudinal and cross-sectional. 
Longitudinal Method 

Three random samples of cloth, about $ in. square, 
were cut from different areas of each fabric so that 
no two samples contained the same warp or filling 


yarns. To obtain uniform staining, it was found best 


to unravel the samples of cloth. The warp and filling 


varns were kept separate, and both were used in the 
preparation of the slides. 

\fter experimenting with a number of stains, three 
were Million’s 


selected for use Reagent,* which 


* Millon’s Reagent—Dissolve 10 g. of mercury in 20 ml. of 
concentrated nitric acid. When the solution is complete and 
brown fumes cease to be evolved, dilute with 60 ml 
Decant the supernatant liquid and store in a glass 
bottle 


of water 
stopp red 


843 


leaves nylon or rayon colorless and stains wool a 
bright red because of the hydroxyphenol group in the 
amino acid tyrosine; Texchrome,? which colors wool 
bright yellow, rayon lavender, and nylon yellowish 
green; and Indigo Carmine,t with which wool is dyed 
a bright blue and nylon and rayon are left almost 
colorless. Millon’s Reagent was the simplest to ap 
ply and gave the greatest distinction between the two 
fibers in the blend, but the other dyes were also satis 
factory. To obtain uniform staining, Millon’s Re 
agent or Texchrome was heated to boiling, and then 
diluted with an equal volume of water. The yarns 
were placed in the solution for 5 min., washed thor 
oughly, and allowed to dry. Staining with Indigo 
Carmine required } hr., with the solution at room 
temperature, 

One-eighth inch samples of the stained yarns were 
cut directly on the microscope slide. This length pet 
mitted the yarn to be untwisted readily, and was long 
enough for the microscopist to work with the mdi 
vidual fibers. Seventy-five to one-hundred fibers were 
Six slides were made from 
Thus, 400 to 
600 fibers were counted for each fabric. 
stated that this 


sampling [6]. 


counted on each slide 
each } in. square sample of each fabric 
Reumuth 
statistical 


number is sufficient for 


Cross-Sectional Method 


For the cross-sectional method, the warp and filling 
yarns were randomly selected so as to be representa 
tive of the whole fabric. The use of the Hardy cross 
section device was modified in the following manner 
[4]: A small amount of loose cotton was packed into 
the slit, followed by a yarn. This procedure was re 
peated until the slit was filled. The plates were 
pressed together, and the ends of the fibers which 
projected on each side were cut flush with the plate 
with a sharp razor blade. With bracket in position 
and locked, the micrometer screw was turned until the 
plunger pushed a barely perceptible amount of the 
sample out of the slit. A drop of an acetone solution 
of cellulose acetate was placed on the projecting 
fibers and allowed to dry. The dried film was sliced 


off and discarded, and the above process was re 


peated until satisfactory cross sections embedded in 
cellulose acetate were obtained. For the packing, it 
was helpful to use cotton dyed a different color from 
Trade-name 


Scientific Ce 
Dissolve 1 ¢ 1 liter 


Texchrome 
form by Fisher 
t Indigs 


furic acid 


product supplied in solution 


Carmine 


of OOIN sul 
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TABLE I. Finer Count AND PERCENTAGE OF WOOL AND NYLON IN LONGITUDINAL SPECIMENS OF FABRIC & 


Sample 1 Sample 2 Sample 3 


No. of No. of No. of 
Slide Fiber fibers fibers fibers (FY 


1 wool 159 61 , 79 
nylon 120 34 5. 64 


wool 110 3 17 & 97 
nylon 61 5. 31 $2 


wool 128 4. 80 105 
nylon 106 . 51 - 70 


wool 162 1&2 
nylon R4 . 101 


wool 5 4.8 S1 
nylon 


wool 
nylon 


Sample composition wool 
nylon 


the fibers in the yarn. The film containing the cross 
TABLE II. Finer Count AND PERCENTAGE OF WOOL AND : ; : a [ 
Ritu Gn eek Merten Bemretees on Cann & sections was mounted in Permount. With a cover 
glass in place, the individual fibers were counted with 
Yarn cross Fit “7 of the aid of a micrometer eyepiece divided into squares. 
section ‘iber fibers ‘ . . A ‘ “a ‘ 
Each cross section of yarn contained 50 to 60 fibers, 
| ‘ eo, 
, a and each slide 3 to 5 varns 
nylon . 
wool 5 Determination of Diameter and Density 
nylon 5 , : 4 
In order to convert fiber count to a weight basis, 
wool the diameter and density of each fiber were deter- 
nylon mined. The fiber diameters were measured in ac- 


— cordance with A.S.T.M. method D 475-50T, using 


nylon the cross-sectional method [1]. The density of each 


fiber was obtained by placing samples of each of the 

esl 7. fibers in a series of mixtures of carbon tetrachloride 
and xylene until a mixture was found in which each 

nal type of fiber remained suspended. The density of 

these liquids was then determined with a_ specific 

wool 2. gravity bottle [7]. 

nylon 


Calculations of Composition by Weight 


wool 
nylon 5. The average diameter and standard deviation of 


the diameter of each fiber were as follows: 
wool 


rion . 
nyl \verage Standard 


| diameter deviation 
woo 
(u) (u) 
nylon ; - a 

48-—50’s wool 28.67 5.85 
wool ; 56-58’s wool 24.88 4.43 
nvlon 38. 3-den. nylon 21.09 1.56 
5 


3-den. fayon 17.76 52 
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TABLE ITT. 


PERCENTAGES OF Woo. IN BLENDED Fasrics DreETERMINED BY FineER Counts 


ON LONGITUDINAL SPECIMENS 


Sample and 


slide no.* 


i+ 
* | 


SON w 


nanan 


nnn 
= 


tm hw 


Mean 

Standard deviation 
Upper 2-sigma limits 
Lower 2-sigma limits 


* Each slide represents 100-200 fibers 


13D, 


From the fiber count, 


of the wool fiber 
Lis. 


gravity, the percentage by 


The specific gravity was 
rayon 1.52, and nylon 
diameter, and specific 
weight of wool in each of the fabrics, W,, was deter- 


mined, using the following formula [9] : 


Na(D2 + 0,7) Sa 


Wa Na(D2 + Of) Sa + Ne( Dy? + Orn?)S, ’ 


in which .V is the number of fibers, ) is the diameter 
of the fiber, O is the standard deviation of the diam 
eter, S is the specific gravity of the fiber, a is the wool, 
and > is the rayon or nylon fiber. 

To compare the results using the above methods 


with chemical methods of analysis, determinations of 


the wool content of the fabrics were also made by 


the potassium hydroxide method | 5| 


Results and Discussion 


Tables I and IT show data for fabric &, which con 


tained, according to manufacturing specifications, 


75% 56-58’s wool and 25 nylon by weight. Simi 
Each 
set of figures in Table I represents a count of fibers 


lar information was obtained for each fabric. 


ona slide. The number of fibers per slide ranged 


Fabric no 


saw 
sec 


Coun 
S oc N 


from 71 to 283, and the minimum number of fibers 


counted from any sample was 562 

In Table 11 each set of figures represents a single 
yarn cross section. Here the number of fibers was 
lower than for the longitudinal counts, ranging from 
47 to 58. A total of 523 fibers were found in 10 cross 
sections. Thus, Tables I and I] present the data for 
four random samplings containing approximately 500 
fibers each, three by the longitudinal method and one 


by the cross-sectional method 


Considering single 
slides with an average count of 150 fibers, the wool 
content varied from 51% to 71%, but when samples 
of at least 500 fibers were averaged, the percentage 
proved to be 61.1 to 63.5. 

The percentage of wool in all fabrics is shown in 
Table III for the longitudinal and in Table IV for 
the cross-sectional methods In order to determine 
statistically whether all samples of a fabric could be 
considered as from the same population, standard 
deviations and upper and lower 2-sigma limits were 
Only 


sigma limits and all were within the 3-sigma limits 


computed. a few points were outside the 2 


In Table III, one value was slightly over and one un 


der the 2-sigma limits for fabric 7. For fabrics 2 and 
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PABLE I\ PERCENTAGE OF Woot IN EIGHT BLENDS DETERMINED BY FIBER COUNTS 
ON CROSS-SECTIONAL SPECIMENS 


Yarn cross Fabric no. 
section F 5 


(“%) 
38 


35 
8 


> 


sas U 


-_uuw 


= 


42 


eee Oe He 
NUWNae eS UN 
x 


sarauunwuw 
a — ON Nw 


Vlean 10.4 
Standard deviation 
Upper 2-sigma limits 51.2 


Lower 2-sigma limits 29.6 


wuuwnw on 


PABLE \ PERCENTAGE COMPOSITION OF EIGHT BLENDS DETERMINED BY FIBER Cot 
MANUFACTURING SPECIFICATIONS ON A WetGut Basis 


Fabr ic no 


Longitudinal method 
48-—50's wool 2 56 


56-8's wool 39 62 
rayon 44 61 
nylon 


Cross-sectional method 
48-50's wool 


56-8's wool 
rayon 
nylon 


Vanufacturing s pec weight 
48-50's wool 50 75 


56-8's wool 50 
rayon 50 
nylon 


0, one value greater than the 2-sigma limits occurred, — density have on the comparative composition by num 
while for fabrics 4, 5, and 7, one value less than 2- — ber of fibers and by weight. 
sigma limits was observed. None outside these limits As stated, a finished cloth resembling a fine (64's) 


was found for fabrics 3 and &. In Table TV, all values — worsted material was obtained by mixing fine rayon or 
for wool fell within the 2-sigma limits except one de- — nylon fibers (3-den.) with coarse (48—50's) or me 


termination for fabric 6. These data would indicate dium (56-58’s) wools. The denier of the coarse 
satisfactory sampling and control of the manufactur- wool was about 11.4 and of the medium about &.2 
ing process. ({2|, p. 30). Thus, a 3-den. fiber was mixed with 

in Table V, the percentage by weight as required — either an 11.4- or an 8.2-den. fiber. The effect of 
in the manufacturing specification and the percent- these differences in denier is emphasized in Table V. 
age by number of fibers obtained by the longitudinal Although the specifications of fabrics 3 and 7 were 
and cross-sectional techniques are given. This table equal weights of wool and nylon, on a fiber count 
is especially interesting because it shows the pro- — basis fabric 5 (coarse wool) contained 29% and 71% 
nounced effect which differences in fiber diameter and = wool and nylon, respectively, and fabric 7 (medium 
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PABLE VI.) PercentaGe BY WeIGHT OF Woo. IN BLENDS 
DETERMINED BY CHEMICAL ANALYSIS AND Cal 
CULATED FROM FIBER COUNTS 


Fabric no 
Method 


("%) 


Chemical analysis* 52 76 
5 


From fiber count Q 73 


* Using potassium hydroxide method 
Fab 


wool and 25% nylon 
by weight, exhibited the same trend. 


wool) proved to be 38% wool and 62% nylon. 
rics 6 and &, containing 75% 
In fabric 6 
(coarse wool) a count of the fibers showed 55% 
wool and 45% nylon, while in fabric 8 (medium wool ) 
the count was 62% and 38% for wool and nylon, re- 
spectively. The fiber counts for the rayon fabrics 
gave similar results. Without exception, in compari 
son with the weight percents, the fiber count per 
centages decreased for the wool and-increased for the 
synthetics. There is agreement between the longi 
tudinal and cross-sectional methods. 

In Table VI, the results of the calculations of wool 
content by weight and the determinations made by 
The 


data show that for rayon blends the potassium hy 


the potassium hydroxide method [5] are given. 


droxide method consistently gives slightly higher re 
sults. Since rayon is slightly soluble in potassium hy 
droxide, \Weidenhanmer suggested a correction fac 
tor of 50 for viscose rayon [8]. For the wool-nylon 
blends, the two methods give closer checks because 
The 


maximum difference between the two methods is 3%, 


nylon is less soluble in alkalies than rayon [3]. 


and all results are within 30% of the manufacturing 
specifications. Thus, it is apparent that either method 
would give a satisfactory analysis. The microscopic 
method, however, requires only a small sample, 
whereas approximately 2-g. samples are necessary for 


the potassium hydroxide determinations 


Conclusions 


Wool-rayon and wool-nylon fabrics made by blend 
ing tops through two gilling and four drafting opera 
tions give materials of satisfactory uniformity. 

When the diameter and density of the fibers in a 
mix vary, the percentage composition by number of 
The 
fabrics which were 50-50 by weight proved to he 40% 


fibers will differ from the percentage by weight 


847 
nylon or rayon. In each case the percentage of the 
coarser fiber is decreased, and that of the finer fiber 
increased, This increase in the relative number of 
the finer fibers will affect the dyeing and _ finishing 
processes and also the appearance and feel of the 
finished cloth, 

The composition by number of fibers as determined 
by count can be changed to a weight basis. The data 
thus obtained agree with the results of potassium hy 
droxide analysis and the manufacturing specifications 

\nalysis by counting fibers requires only a very 
small sample of the material in comparison with the 
potassium hydroxide method. Another advantage ts 
that microscopic examination will detect local con 
centrations of one of the fibers not evident when ana 
lyzed by chemical methods. This factor is important 
in determining uniformity of blends 

The statistical interpretation of the data in this 
report indicates that a sample of approximately 500 
fibers obtained by microscopic counts is sufficient to 
determine the composition of a blend 
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The Role of Basic Research in Cotton Utilization* 


Walter M. Scott + 


Bureau of Agricultural and Industrial Chemistry, U. S. Department of Agriculture, 
Washington, D. C. 


Introduction 


The theme of this paper was suggested by a recent 
study conducted within the Agricultural Research 
\dministration of the U. S. Department of Agri 
culture to determine the relative proportions of 
basic and applied research in the agencies compris 
ing the Administration. An analysis of the reports 
submitted by the different agencies showed a wide 
divergence of opinion as to the proportion of their 
research which could be classified as basic or funda 
mental. Within our own Bureau, the proportion 
of basic research could be varied over a wide range, 
depending upon the definition used. 

In the field of cotton research, with which the 
author is particularly familiar, there is a tendency 
to overlook the amount of basic research which is 
required to bring a particular development to a suc- 
cessful conclusion. lor example, a casual examina- 
tion of the titles of the twenty-five to thirty cotton 
projects which are currently active at our Southern 
Regional Research Laboratory would indicate that 


only two or three could be classified as entirely in 
the field of basic research. 


However, a more care- 
ful consideration of many projects whose titles indi- 
cate applied objectives makes it apparent that the 
objectives could not be obtained without a consider 
able amount of basic research. It is the purpose of 
this paper to discuss three projects which serve as 
excellent examples to illustrate the important. role 
played by basic research. 


Decrystallization of Cotton Cellulose 


One of the key projects in this field of research 
at the Southern Regional Research Laboratory has 
the following title: “Development of Cotton Textiles 
with Other Desirable 
Properties for Military and Civilian Uses by Treat- 
ments which Reduce the Crystallinity of Cotton Cel- 
lulose.” 


Increased Elongation and 


This title certainly indicates an applied 
* Presented at the Spring Meeting of The Fiber Society 


in New Orleans, La., Apr. 23, 1953 
+ Assistant Chief. 


objective, but a larg. amount of basic research has 
already gone into this project and more will be re 
quired before the development is ready for commer 
I am indebted to Dr. Carl M. Conrad 
for furnishing the background material for the fol 
lowing discussion. 


cial adoption. 


In the thinking which led to the initiation of the 
above-mentioned project, consideration was given 
to many earlier investigations which seemed to indi 
cate that certain properties of cotton could be asso 
ciated with the degree of cry stallinity in the cellu 
lose of which it is comprised. For example, it is 
generally accepted that cellulose fibers which con 
tain a high proportion by weight of crystalline com 
ponent are brittle. This is illustrated by the fact 
that the cellulose in ramie, which is a more brittle 
fiber than cotton, has an even higher crystallinity 
than cotton cellulose. A highly crystalline cellulose, 
such as found in the cotton fiber, is very compact 
and inaccessible to various reagents. Dyes do not 
readily penetrate the crystalline portion, and chemi- 
cal reactions are in general slower on the crystalline 
than on the amorphous cellulose. 

A key to the line of research to be pursued was 
furnished by earlier investigations at the Southern 
Regional Research Laboratory which showed that 
mercerization of effected 
This indicated that 
studies should be undertaken to find a swelling agent 


cotton with caustic soda 


some reduction in crystallinity. 


which would be more effective than caustic soda in 
reducing the crystallinity of cotton cellulose 

A considerable number of cellulose solvents and 
strong swelling agents were studied, with special 
reference to the concentrations at which a change 
from the merely swollen to the dispersed state takes 
place. Among these were included quarternary am 
monium hydroxides (such as Tritons B and F), 
calcium sulfoeyanate, chloral hydrate, zinc chloride 
(with and without acids), strong mineral acids, and 
cuprammonium and cupriethylenediamine solutions. 
Some of these had swelling concentrations extend- 
ing over a long range before solution occurred, 
others a relatively narrow range 
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A long range of swelling concentrations between 
beginning and final dispersion was assumed to be 
advantageous, since this should contribut 


control. 


to ease of 
The most promising of the above agents 
having this characteristic was trimethylbenzyl and 
ammonium hydroxide (Triton B), and considerable 
The cot 


ton cellulose was treated with varying concentra 


experimentation with it was undertaken 


tions of the reagent, which was then removed with 
anhydrous methanol. No permanent effect could be 
detected on the crystal lattice of the product using 
a solution containing 30% by weight of Triton B. 
However, a substantial reduction of crystallinity, as 
measured by the acid hydrolysis method, was pro 
duced at 33% 
38% 


concentration and more at 360%. At 
concentration the cellulose dissolved. In spite 
of the favorable results obtained in the initial trials, 
Triton B did not prove to be a suitable decry stalliz 
ing agent. The cotton gelatinized locally and lost 
most of its strength and fibrous character. Further 
study with this agent was therefore abandoned. 

In reviewing the literature dealing with the gen 
eral subject of cellulose crystallinity and solvation, 
special attention was given to the paper of Davis, 
Barry, Peterson, and King (J. Am. Chem. Soc. 65, 
1294 (1943) ) on the x-ray patterns of cellulose in 
The 
interesting fact brought out in this paper was that 
the 101 lattice spacing (d,,, 


the presence of ammonia and aliphatic amines 


) of the cellulose crystal 
lites was progressively increased from 10.3 to 26.2.\. 
as the amine series was ascended to heptylamine. 
This was believed to be accomplished by the substi 
tution of —O—H—N— hydrogen bonding between 
cellulose and amine for the H—O—H mutual 
hydrogen bonding of the cellulose chains. Further- 
more, the fibrous condition of the cellulose was never 
lost, as the cellulose did not actually dissolve. 
While the lattice distance increased with the molecu 
lar weight of the amine, those amines containing 
more than 3 carbon atoms could not enter the lattice 
without “priming” with one of the three lower mem 
bers of the amine series or with ammonia 

effect ot 


In analogy with the 


mercerization in 
lowering the crystallinity of cotton cellulose, it was 
reasoned that the displacement of the lattice tem 
porarily by the amine group would no doubt intro 
duce a certain amount of lattice separation and de 
crystallization. It 


Was assumed, too, that if such 


decrystallization did occur, it would probably in 
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crease with an increase in the lattice displacement 
t.e., With higher ainines in the series 

The 
heptylamine, the cotton fiber being first 
with ethylamine. 


first experiments were carried out) with 
“primed” 
The results were immediately suc 
Although 33% 


work, the application of the anhydrous amine for a 
short 


cessful. aqueous amine would not 


time, followed by chloroform extraction, 


greatly reduced the crystallinity. No gelatinization 
occurred Further studies developed the interesting 
fact that ethvlamine alone was capable of giving 
nearly as good results as when hexvl- or heptyvlamine 
were used. 
After it had 


crystallization was accomplished by treating cotton 


been established that extensive de 
with ethylamine, extracting with chloroform, and 
drying, experiments were carried out to determine 
the effect of boiling the decrystallized cotton with 
water. It 
P; 


less nn} etely 


was assumed from the earlier studies of 
that 


recrystallize 


Hermans the cellulose would 


more oT 
again Surprisingly, 
when this was tried, the recovery of crystallinity did 
not proceed beyond one-third to one-half the original 


value Thus, cotton cellulose, when once treated 


and “loosened,” did not 


need to have “blocking” 
side-chains attached to prevent complete recry stall 
zation. On the other hand, if the ethvlamine was 
the altered cellulose 
polar liquid) instead of chloroform, the original high 


crystallinity was immediately recovered 


removed from with water (a 


The effects of decrystallization on the physical 
and chemical properties of cotton fibers and yarns 


are now being evaluated. It has been found that 


decrystallization with ethylamine produces about the 


same increases in fiber and yarn strength as merceri 
zation. However, the decrystallized fibers and yarn 
showed substantially greater increases in elongation 
at break if both were treated in a relaxed condition 
Preliminary investigations have also shown that cot 


ton which has been decrystallized 


with ethvlamine 


can be acetylated much faster than ordinary cotton 

Before leaving our discussion of the deerystalliza 
tion of cotton cellulose, it should be pointed out that 
basic research is required not only in the study of 
the reaction involved, but also in the assessment of 
the results in terms of changes in crystallinity. Con 
tinuous attention is being given to improvements in 
the measurement of crystallinity. The acid hydroly 


sis method gives reasonably results 


repre li ible 
when the crystallinity of the cotton cellulose 


s above 
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60%, put it is time-consuming and the results be- 
come progressively unreliable as the crystallinity 
drops below 50%. 
appears to be most promising as a tool for quickly 
determining the crystallinity of cellulose. 
New techniques are being developed for scanning 
the x-ray pattern diffracted by the crystalline com- 


cotton 


ponent, and it is hoped to develop close correlation 


between the x-ray results and those obtained by 


other methods. 


Partial Acetylation of Cotton 


lhe object of this research is to treat cotton cellu 
lose in an acetylating bath under such conditions 
that a sufficient number of the hydroxyl groups are 
acetylated to confer new properties upon the cotton 
fiber without seriously affecting the desirable prop- 
erties conferred upon it by nature. The conception 
of the alteration of cotton’s properties by partial 
acetylation did not originate at the Southern Re 
gional Research Laboratory. Earlier researches in 
Kngland had been reported in the literature and sev- 
eral patents had been granted. Partially acetylated 
cotton yarn was produced commercially by an Eng 
lish firm, and its greatly increased resistance to de 
terioration by molds and other microorganisms was 
recognized, However, in spite of the previous ex 
perience in this field, a large amount of basic re 
search was required before products made of par 
tially acetylated cotton reached the present stage 
I am in 
debted to Mr. Charles F. Goldthwait for furnishing 


of commercial acceptance in this country. 


the background material for my discussion of this 
development. 

Earlier fundamental research on cellulose and its 
structure was of great value in helping to predict the 
nature and course of the acetylation reaction and the 
properties of the resultant products. In developing 
a suitable process for commercial use, it was neces 
sary to take into account the heterogeneous nature 
of fibrous reactions and the complications introduced 
because the cotton fiber consists of an intimate mix 
ture of readily reactive, accessible (amorphous) cel 
lulose and less readily accessible (crystalline) cel 
lulose. 

At the Southern Regional Research Laboratory, 
basic research was a necessary requisite for the solu- 


tion of the following problems concerned with the 


Currently, an x-ray technique 
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partial acetylation of cotton: (7) preparation of the 
(2 


cotton for the reaction; ) effects of varying the 
proportion of acetic anhydride in the acetylation 
mixture; (3) selection of a catalyst and determina- 
tion of optimum quantity required; (4) effects of 
variations in time and temperature ; (5) changes re- 
quired when acetylating the cotton in the fiber, 
yarn, or fabric form; (6) variations in acetylation 
behavior with different varieties of cotton; (7) adap 
tation of the acetylation process to different types of 
equipment, 

Currently, cotton in the fiber form is acetylated 
satisfactorily in the kier or in a raw-stock dyeing 
machine. At first, serious difficulties were encoun 
tered in processing the acetylated fiber into yarns. 
However, treatment of the acetylated fibers with 
selected antistatic and lubricating agents has shown 
promise. Studies are being continued to determine 
Cot- 
ton yarn is acetylated in the warp form on a con 
tinuous machine. 


the optimum mechanical processing condition. 


Cotton fabric is acetylated either 
by a batch process in a jig or on a continuous ma 
chine. The effects of partial acetylation on the 
physical and chemical properties of cotton are being 
evaluated continuously, with particular reference to 
its adaptation for special end-uses. In addition to 
the high resistance of partially acetylated cotton to 
mildew and microbiological rotting, it has been 
found in comparison with untreated cotton to have 
vreatly increased resistance to deterioration by high 
temperature or continued heat, reduced suscepti 
bility to oxidation and probably to acids, reduced 


moisture 


regain, and decreased electrical conduc 


tivity. The partially acetylated fiber is resistant to 
coloring with most direct cotton dyes, and can be 


dved in a manner similar to that for acetate rayon. 


Opening and Cleaning Cotton 


The development of the Southern Regional Re 
search Laboratory’s cotton opener is an example of 


the application of basic research to textile machinery 


design. 


This opener is a radically new type of ma 
chine for opening cotton from bales and fluffing it 
into a uniformly loose condition. The efficiency of 
this opening device is such that the cotton can sub 
sequently be freed from trash more readily and with 
a reduction in the amount of spinnable fiber dis- 


carded as waste. I am indebted to Mr. Ralph A. 
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Rusea for furnishing the background material for my 


discussion of this development. 

The opener originated from a machine devised 
about 10 years ago in connection with the Labora- 
tory’s wartime work on cutting lint cotton for use in 
This 
“feeder,” as it was then called, had an ample produc 
rate—3/5 


the manufacture of gunpowder. cotton 
considerable 


While 


fiber damage was of no concern in cotton used for 


tion Ibs./min.—but caused 


staple damage and nepping of the fibers. 


making chemical cellulose, it is, of course, a_ vital 
factor in textiles. The successful application of the 
principle of the cotton feeder to textile equipment 
was made possible by information obtained through 
a planned program of basic research. 

The research was carried out with a widely grown 
commercial cotton of known variety, growth, and 
ginning history. An adequate supply of cotton was 
carefully selected on the basis of fiber characteristics 
of length, strength, fineness, and maturity. Com 
prehensive studies were then made with pilot-model 
equipment to determine the effect on the previously 
determined physical properties of the natural cotton 
fibers of: (7) the kinetic energy of toothed cylinders 
rotating over a wide range of speeds; (2) the kinetic 
energy of a roll of cotton of varying mass and rota 
tional speed; (2) the interaction of rotating toothed 
cylinders and masses of cotton; (4) rotating cylin 
ders with positive and with negative rake teeth of 
varied geometrical configurations ; (3) rotating cyl 
inders with varied linear and lateral spacings of 
teeth; (6) rotating cylinders with varied entering 
and departure angles of teeth; and (7) multiple 
rotating cylinders with varied spacing and varied 
speed. 

These investigations over a period of 2 years pro- 
duced a wealth of basic information, much of which 
was contrary to previously accepted concepts of the 
effect of sharp pointed projections on fiber proper 
ties. Although the findings made with selected cot 
tons were theoretically applicable to all cottons, the 
results were verified by investigating a number of 
variations using cottons ranging from {}-in. Indian 
No. 5 grade to 1,°;-in. SXP No. 1 grade. 

The 


was applied to the design of a high-production ma- 


fundamental information thus accumulated 


chine for opening and blending tightly matted cot 


ton into a homogeneous mass of individualized fibers. 
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The new opener uses five high-speed, fine-toothed 
cylinders to separate the lumps of cotton into five 


! in. thick webs of cotton. 


These five webs or sheets 
converge to form a well-blended, open stock that is 
hanks to the back 
ground of basic research, the extremely high produc 
tion rate of the S.R.R.L 2,500 Ibs./hr. for 


long 


in ideal condition for cleaning. 


opener 


a machine 34 in. wide and 6 ft is achieved 
without any damage to the fiber. 

The problem ot developing high efficiency textile 
cleaning equipment to clean mechanically picked 
cottons is being attacked with both fundamental and 
applied research. In the former field, work is in 
progress on the application of ultrasonic and electro 
static forces. The work on sound energy was initi 
ated to determine the effects of ultrasonic radiation 
Utiliz 


ing barium titanate transducers operating at reso 


on lint cotton and attached foreign matter. 


nance in a thickness mode, cotton and trash were 


irradiated at frequencies ranging from 400 to S800 
kilocycles. 

Data were obtained on the phy sical properties of 
the control and treated cottons, and on the degree of 
polymerization, surface changes as seen through the 
optical microscope, and crystallinity changes as re 
vealed by x-ray equatorial tracings. The results of 


this study will be published soon. It was deter 
mined that the only efiect of sound energy of low 
power at the particular frequencies studied was a 
crystallinity. No 
mechanical or chemical damage was noted, either 
Whether or not highes 


useful in 


slight indication of increased 
to the cotton or the trash. 


power levels would be separating trash 
from cotton remains to be determined. 

The project on electrostatics was initiated for the 
purpose of providing information on the electrical 
properties of cotton fiber and trash which could be 
used as bases for judging the feasibility of cleaning 
cotton by electrostatic forces. There is meager pub 
lished data along this line pertaining to cotton, and 
none on the field trash that it 1s desired to remove 
Much valuable 


\lthough cotton and trash 


from the cotton basic information 
is being accumulated 
have been found not to differ greatly in dielectric 
constant and dissipation factor, the study has given a 
lead toward the application of electrostatic forces to 


obtain more efficient cleaning equipment for cotton 





RESEARCH POSITIONS 
AVAILABLE WITH CELANESE 


One of the country’s most research-minded or 
ganizations, Celanese provides an excellent work 
ing environment. 

The major expansion of its modern research 
laboratories in Summit, New Jersey (a pleasant 
residential community within 30 minutes of metro 
politan New York City), offers a challenge to the 
following men: 


RESEARCH ENGINEERS RESE&RCH CHEMISTS 
VE, CR or Physica de 


p Ps N >i : 0 5 carer 
gree, experience in teas BS with 3 to 3 y - 
tile or related industry experience or PhD with 
To design and conduct 1 to 2 years experience 
experiments to develop 
basic understanding of 
fiber usage from an en . 
gineering standpoint, in chemistry phenomenon 
cluding studies on con asx it pertains to fber 
version of fibers into and tertile surface ab 
yarns, yarns and con nnaiitans enatwation 

: s , , 
tinuous filaments into fal edad yeas , 
fabrics, and fabrics into diffusion, swelling and 
ond use products. adhesion. 


for basic research and 
development of colloidal 


These are permanent positions offering 
salaries based on experience and ability. 
Promotional opportunities are excellent. 


Please submit resume indicating initial 
salary requirements to: Mr. J. A. Berg, 
Head—Personnel Administration. 


CORP. OF 
AMERICA 


SUMMIT 


NEW JERSEY 


= a 
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The use of purely mechanical forces to obtain ef 
fective trash removal without fiber damage has about 
reached its practical limits. Information obtained 
through fundamental research such as that which is 
underway on sound energy and electrical energy 1s 
basic to developing cleaning equipment adequate to 
meet the demands of the modern cotton textile 
industry. 


Conclusion 


The chemical and mechanical developments de- 
scribed in this paper are only a few of the many im- 
provements in the processing of cotton which owe 
their success to a background of basic research. It 
is my opinion that at least 75% of the projects at 
the Southern Regional Research Laboratory require 
more or less fundamental research in order to reach 
a satisfactory conclusion. It is hoped that this dis- 
cussion will help to promote an understanding that 
the mission of our Bureau to improve and expand the 
utilization of agricultural products cannot be satis- 
factorily accomplished without an ever-increasing 
amount of long-range basic research. 


(Manuscript received May 28, 1953.) 





You will find Warwick's research-developed and market-proved textile 
chemicals in more than 20 major fields of application in the textile industry 


We suggest you use Warwick—one of America’s largest chemical research 
and manufacturing companies built on and devoted to products for this 
industry—for all your chemical needs. 


You'll enjoy high standards of performance, you'll be assured perfect 
compatibility between materials, and you can usually cut inventory, buying 
and book-keeping costs by using a single leading source. 


check chart of textile chemicals 
=/,/s/./s/ 


APPLICATION NAME Oi /a/s/e/5)/ =] CHEMICAL NATURE 
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ANTI-SLIP WEAVE-LOK* ae a or 
ANTI-SLIP | FORMASET’ HG 
eas | WARCO" AMINES 


PLASTISOL 
ORGANOSOL 
WARCOFIX 


SUNTONE* 


SUNTONE™ 
SUNTONE™ 
SUNTONE 
HYDROLUX D 


FORMASET* S 
SETOLE® Y 
SETOLE’ H-59 
FORMASET* SN 
PRYM DS, N 
PRYM CR 
ANTILUSTROLE® 
PRYM A 

PRYM DS, N 
WARCONYL’ A 
FORMASET’ 10-D 
FORMASET* SN 


G-4 EMULSION.20 
ITY FINISH it WARCOLENE D 
LE SHRINKAGE CONTROL PRYM DS, N 
RABLE SHRINKAGE NTROL | PRYM CR 
HRINK RE TANT FORMASET* SN 
SHRINK RE TANT FORMASET* 10-D 
FTENERS 
ANIONIC APPRETOLE* 
f APPRAMINE* 
DIEC TORRIDEX* 
KIDATION RE TAN WARCOLENE 171 


WATER REPELLENT DURABLE PLU NORANE* 4-STAR A 
CRUSH AN SHRINK RE 


WATER REPELLENT DURABLE PLUS ~~ NORANE* 4-STAR B 
CRUSH AND SHPINK RE TANT 


WATER REPELLENT DURABLE NORANE* 4-STAR GG 


WATER REPELLENT DURABLE NORANE* R 
ATER REPELLENT RENEWAB IMPREGNOLE™ 
NG INHIBITOR WARCO’ GFi 
3A ADING INHIB R WARCO’ GND 
KIER B N M Ni KIEROLE~ 
LUBRICANT (YARN, FABR WARCOLENE 
LUBRICANT WARCOLENE D 
PENETRANT f WARCOSOL* 
PENETRANT NON -FOAMING WARCOSOL* NF 
PENETRANTS—MERCERIZING EUMERCIN®« 
PIGMENT PRINT BINDERS SUNTONE* CLEARS 
TAR AND GREASE REMOVER LANOLE* 
SYNTHETIC DETERGENT SULFANOLE* KA 
THETIC DETERGENT SULFANOLE* KB 
NTHETIC DETERGENT SULFANOLE* CP 
THETIC DETERGENT SULFANOLE* S GEL Conc 
THET ETERGENT SULFANOLE* AN 
THETIC OETERGENT SULFANOLE* FAF 
NTHETIC DETERGENT SULFANOLE* NF 
f N YNTHETIC DETERGENT SULFANOLE* NOS 
WETTING AND REWETTING WARCOLENE W 
WETTING AGENT WARCOSOL* NF 
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‘Independent Tests Show Superior 
Static Control with Drew Fiber Lubricants 


Extensive static tests conducted by an inde- Tests made with ar -ratus 
pendent laboratory conclusively show that and Chromey, 

Druspins lead all other fiber lubricants in anti- 

static performance. 


Tests were made at 70° F., 65% R.H., with 
the Du Pont Testing apparatus described by 


Hayek and Chromey in American Dyestuff 
Reporter, Vol. 40, No. 51. 


Here ob the msl 


Full Charge | Full Charge 


1 Half Life 
Min. | After 1 Min. preperts 
2% Fiber Lubricant Applied to Wool bee (Micro Amps) (Seconds) rope 


Classification of 
Antistatic Rating 


Very good Ist 
DRUSPIN WOR or F 5 | _— 
SPIN WL-5 10 Non-applicable 
DRU . 


-applicable 
Self-Emulsifiable Mineral Oil plus 32 Non-appli 
Anti-Static Agent 


36 
DRUSPIN WL 6s 


An Amine Condensate plus pe Non-applicable 
Phosphates 


Non-applicable 
Self-Scouring Synthetic Woo! Oil ” Non-applicable 
on-a 
i Mineral Oil 9% 
50% Lard Oil, 507% MI ‘i Non-applicable 
Olive Oil 7 Non-applicable 
Blank 


In addition to the above antistatic fiber lubricants there’s a 
FREE! 


DRUSPIN for every type of natural or man-made fiber or blend 
Write for D Technical P : P ° 
Scien BARE Recssthes of fibers. Use of these amazing Drew fiber lubricants will elim- 
DRUSPINS with complete 

technical data. 


inate static and improve your carding, drafting and spinning. 
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